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What we need is continuity...  
Historic preservation is not sentimentality but a psychological necessity.  
We must learn to cherish history and to preserve worthy old buildings...  
We must learn how to preserve them,  
Not as pathetic museum pieces,  
But by giving them new uses. 
 
- Ada Louise Huxtable 
Lessons in Healing the City’s Scars 
 
 
 
Our economy is still based upon cheap fossil fuel 
And a constant growth of gross national product...  
Old knowledge and established technical solutions are combined...  
With new sustainable technology. 
 
- Anders Nyquist 
Green Building and Planning: Experiences and Visions 
 
 
 
 
Many of the root processes at work in natural ecologies and our economics 
are amazingly similar, and we can learn much about success and failure 
in our own arrangements by noticing, for example, that the more niches  
that are filled in a given natural ecology... 
the more efficiently it uses the energy it has at its disposal,  
and the richer it is in life and means of supporting life.   
Just so with our own economies:  
the more fully their various niches are filled,  
the richer they are in means of supporting life. 
 
- Jane Jacobs 
Cities and the Wealth of Nations 
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Foreword 
Design and research are the solution to allow buildings, civilization, and the 
natural environment to live cohesively and responsively with one another.  Our society 
must change its behavior.  To do so, we must integrate ideas from eco-psychology, 
personal development, scientific research, mentoring, monitoring, and leadership.  
Although large scale changes in public and private behaviors have been on governmental 
and non-governmental organization agendas, there is often no understanding of the 
connections between the economic and the environmental, or the psychological and 
physical dimensions of the problems.  The reuse of existing structures can promote a 
more social, economical, and environmental way of life that is holistically integrated.  An 
understanding of the ethical theories behind decisions to reinvent rather than to demolish 
may give a developer the justification to pursue a renewal project.  Adjusting a building’s 
dilapidated existing state to an energy efficient, high performing future state through 
quantitative and qualitative comparative scenarios can help the existing building stock.   
 The recent economic crisis has put new construction at a standstill.  The American 
Institute of Architects (AIA) forecasted steep declines in nonresidential construction 
spending through 2010: “Spending is projected to decrease by 16% in 2009 and another 
12% in 2010.”1  With the flow of money to new construction at an all time low, we can 
raise the public’s awareness through policy, stimulus program spending, and the creation 
of a typology of building tectonics through architecture.  Design strategies can help 
mediate the retrofitting of existing buildings and provide answers to the chaos and 
economic hardships of new construction.  If the United States of America retrofitted 40% 
of the nation’s residential and commercial building stock, we could create 625,000 jobs 
in 10 years and generate $64 billion per year in cost savings for U.S. energy ratepayers 
(about $300 to $1,200 per family).2 
   
   
                                                
1 Kermit Baker, “Consensus Construction Forecast: Steep Downturns in Nonresidential Construction 
2 Murley, Susan. The DOE's Solar Decathlon Prepares Graduates for Green Jobs. September 13, 2011. 
http://www.huffingtonpost.com/susanna-murley/terps-charged-up-for-the-_b_960031.html?ir=College 
(accessed September 15, 2011). 
Historically Embedded 
 
x 
Acknowledgements 
The most important and influential people in my life are my parents and family.  I 
could not have gotten through the struggles of life without them. Thank you for your 
encouragement and making me believe that the impossible can be achieved.  This is for 
you. 
 This project is a collaboration that involved many individuals.  A culmination of 
data, literature, and research has made this project unique and could not have been 
possible without the mentorship, guidance, and manaʻo of my committee members: 
Kristopher Palagi, Charles Lehuakona Isaacs Jr., and Dr. William R. Chapman.   
The inspiration for this research was my involvement and colleagueship with the 
Environmental Research and Design Lab under the direction of Dr. Stephen Meder at the 
University of Hawaiʻi at Mānoa School of Architecture.  My experience at the 
Environmental Lab made me aware of the environmental impact that buildings have. 
My practicum experience with Zimmer Gunsul Frasca Architects LLP in the 
spring of 2011 in Portland, Oregon was also noteworthy.  I would like to personally thank 
Robert Packard, Ronald Gronowski, David Grigsby, Janet Hull, and Chris Flint Chatto.  
Thank you for your guidance and mentorship. 
Historically Embedded 
 
xi 
List of Figures 
Figure 1.1 Hawaiʻi’s Isolation in the Pacific 
Figure 2.1 Complex Systems of International Rating Tools and Main Rating Tools 
Figure 4.4 Building Relocation Map 
Figure 6.1 University of Hawaiʻi at Mānoa Gartley Hall 
Figure 6.2 University of Hawaiʻi at Mānoa Gartley Hall Basement Level Floor Plan 
Figure 6.3 University of Hawaiʻi at Mānoa Gartley Hall First Level Floor Plan 
Figure 6.4 University of Hawaiʻi at Mānoa Gartley Hall Second Level Floor Plan 
Figure 6.5 University of Hawaiʻi at Mānoa Gartley Hall Basement Level Floor Plan,  
  Retrofit “A” – Low-Level 
Figure 6.6 University of Hawaiʻi at Mānoa Gartley Hall First Level Floor Plan,  
  Retrofit “A” – Low-Level 
Figure 6.7 University of Hawaiʻi at Mānoa Gartley Hall Second Level Floor Plan,  
  Retrofit “A” – Low-Level 
Figure 6.8 University of Hawaiʻi at Mānoa Gartley Hall Basement Level Floor Plan,  
  Retrofit “B” – Medium-Level 
Figure 6.9 University of Hawaiʻi at Mānoa Gartley Hall First Level Floor Plan,  
  Retrofit “B” – Medium-Level 
Figure 6.10 University of Hawaiʻi at Mānoa Gartley Hall Second Level Floor Plan,  
  Retrofit “B” – Medium-Level 
Figure 6.11 University of Hawaiʻi at Mānoa Gartley Hall Basement Level Floor Plan,  
  Retrofit “C” – High-Level 
Figure 6.12 University of Hawaiʻi at Mānoa Gartley Hall First Level Floor Plan,  
  Retrofit “C” – High-Level 
Figure 6.13 University of Hawaiʻi at Mānoa Gartley Hall Second Level Floor Plan,  
  Retrofit “C” – High-Level 
Historically Embedded 
 
xii 
List of Tables 
Table 1.2  AIA Economic Consensus Forecast 
Table 2.1 America’s Total Municipal Solid Waste Generation 
Table 2.2 Impact of Service Life and Operating Efficiency of Buildings 
Table 4.1 Joseph Vance – Existing Building’s Embodied Energy 
Table 4.1A Joseph Vance – Building Retrofit’s Embodied Energy  
Table 4.2 King Street Station – Existing Building’s Embodied Energy 
Table 4.2A King Street Station – Building Retrofit’s Embodied Energy 
Table 4.3 Methodist Church – Existing Building’s Embodied Energy 
Table 4.3A Methodist Church – Building Retrofit’s Embodied Energy 
Table 4.4A USCD – Existing Building’s Embodied Energy 
Table 4.4B UCSD – Building Retrofit’s Embodied Energy 
Table 5.1 Categories of Materials and Approximate Quantities   
Table 5.2 One Barrel of Oil Compared to Emissions 
Table 5.3 One Barrel of Oil Compared to Energy Equivalents  
Table 5.4 One Barrel of Oil Compared to Nonrenewable Resources 
Table 5.5 One Barrel of Oil Compared to Calories 
Table 6.1 Gartley Hall – Existing Building’s Embodied Energy 
Table 6.2 Gartley Hall – Existing Material Weight Conversions 
Table 6.3 Gartley Hall – Low-Level: Retrofit “A” Building’s Embodied Energy 
Table 6.4 Gartley Hall – Medium-Level: Retrofit “B” Building’s Embodied Energy 
Table 6.5 Gartley Hall – High-Level: Retrofit “C” Building’s Embodied Energy 
Historically Embedded 
 
xiii 
Topics  
Historic Preservation (Heritage Preservation) is defined 
by The Secretary of the Interior’s Standards for the 
Treatment of Historical Properties, 1995:  
as the act or process of applying measures necessary to sustain the existing form, 
integrity, and materials of an historic property.  Work, including preliminary 
measures to protect and stabilize the property, generally focuses upon the 
ongoing maintenance and repair of historic materials and features rather than 
extensive replacement and new construction.  New exterior additions are not 
within the scope of this treatment; however, the limited and sensitive upgrading 
of mechanical, electrical, and plumbing systems and other code-required work to 
make properties functional is appropriate within a preservation project.   
 
Sustainability (Green Building) is defined by The Office 
of the Federal Environmental Executive’s Commitment to 
Green Building: Experiences and Expectations, 2003: 
as the practice of 1) increasing the efficiency with which buildings and their sites 
use energy, water, and materials, and 2) reducing building impacts on human 
health and the environment, through better siting, design, construction, 
operation, maintenance, and removal – the complete building life cycle.  
 
Embodied Energy (Embedded Energy) is defined by 
Graham J. Treloar from the Australia Architectural Science 
Association and database expert in embodied energy, 1994: 
The quantity of energy required by all of the activities associated with a 
production process, including the relative proportions consumed in all activities 
upstream to the acquisition of natural resources and the share of energy used in 
making equipment and in other supporting functions (i.e. direct energy + indirect 
energy).   
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District Scale Sustainability (EcoDistrict) is defined by 
The Sustainable Cities Institute, 2011:  
a highly integrated and planned neighborhood or district that is resource 
efficient.   The thoughtful planning of the project is home to a range of 
transportation options and helps to capture, manage and reuse all energy, water 
and waste on the site.  One of the most important aspects of an EcoDistrict is that 
it enhances community engagement and wellbeing, while providing a rich 
diversity of habitat and open space, even within an urban city.3 
 
Embodied Carbon (Embedded Carbon) is defined by 
Patrice Frey from the National Trust for Historic 
Preservation, like embodied energy, as: 
the amount of carbon emitted through building construction, including the 
carbon emitted in transporting materials, and carbon emitted assembling a 
building.   
 
 
 
 
 
 
                                                
3  Sustainable Cities Institute. District Scale Sustainability . August 9, 2011. 
http://www.sustainablecitiesinstitute.org/view/page.basic/buzz_topics/content.buzz_topic/Buzz_DirectScal
e_Sustainability_2011_08_09 (accessed September 7, 2011). 
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Abstract  
Older buildings, buildings over 50 years in age, comprise more than half of the 
existing buildings in the United States.  The importance of reusing buildings and 
reinvesting in older buildings is the subject of this paper, as well as the rationale for 
retrofitting the existing building stock.  Retention and reuse of these buildings preserves 
the materials, embodied energy, and human capital already expended in their 
construction.  The recycling of buildings is a beneficial “green” practice, and stresses the 
importance and values of historic preservation in the overall promotion of heritage and 
sustainability.   
My Doctorate of Architecture project will explore many facets of renewal due to 
Hawaiʻi’s isolation from the rest of the world.  An analytical intervention will be applied 
to Gartley Hall on the University of Hawaiʻi at Mānoa campus’ quad area.  The Gartley 
model will examine and quantify the embodied energy at various phases of building 
retrofits. 
 Society has become increasingly aware of our impact on the natural environment.  
This awareness is due in part to the rising cost of oil and the basic cost of living.  Being 
cognizant of our impact on the environment will help mediate economic inflation and 
preserve Hawaiʻi’s beauty for future generations.  Hawaiʻi was one of the last places on 
earth settled by man due to its complete isolation in the Pacific Ocean.  This isolation has 
created one of the world’s most unique environments and lifestyles; minimizing each 
person’s carbon footprint will help preserve our islands’ natural beauty. 
 My project demonstrates the implications and methods of choices a designer, 
developer, contractor, and building-user make to achieve sustainability in retrofitting 
existing buildings through an analysis that covers the embodied energy of existing 
buildings and their potential future uses.  This project will analyze and compare the 
energy and materials previously expended on a building and at various levels of remodel.  
My conclusions are drawn from precedents, quantitative embodied energy data, and 
regional transportation variables (Hawaiʻi’s isolation).  The final portion of the project 
identifies the problems and metrics associated with one of the oldest buildings on the 
University of Hawaiʻi at Mānoa campus through a lifespan model that considers phasing 
retrofits, transportation costs, and existing embodied energy.   
4 
                                                
KEYWORDS:  Embodied Energy, Sustainability, Preservation, Retrofitting, Existing Building 
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Historically Embedded 
Embodied Energy’s Place in Building Retrofits 
INTRODUCTION 
 Hawaiʻi has one of the world’s most unique environments due to its isolation 
from the rest of the world.  This isolation has led to several issues including our state’s 
reliance on imported fossil fuels, the overfilling and violations at our state landfills, 
gentrification of historic districts, and the mindset to demolish rather than reuse or 
retrofit.4 
 Hawaiʻi’s isolation has made the cost of living here one of the highest in the 
United States due to shipping, the state’s reliance on imported fossil fuels, and the 
continued rise of electrical costs.  As shown in Figure 1.1, the Hawaiian Island chain is 
located almost 2,400 miles from California; 3,800 miles from Japan; and 2,400 miles 
from the Marquesas Islands.5  This isolation is one of the reasons Hawaiʻi was one of the 
last places on earth to be settled by explorers and justification for Hawaiʻi residents to 
reduce needs, reuse, recycle, and rely on renewable resources as much as possible; to 
minimize sending construction waste to our landfills; and to minimize imported products.  
                                                
4 A note on terminology:  By REUSE of buildings, I mean the act of keeping an existing building in service 
rather than demolishing or abandoning the structure.  RETROFIT refers not just to reusing a building – 
but improving its energy performance and reducing other negative environmental impacts associated with 
the building.   
5 Fischer, John. Only in Hawaii Part 1: Islands Unique in all the World . July 23, 2010,  
http://gohawaii.about.com/cs/onlyinhawaii/a/only_in_hawaiia.htm (accessed November 23, 2010). 
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Utilizing the embodied energy already within existing buildings and infrastructure can 
help mediate this issue.  Retrofitting existing buildings to be energy efficient and to use 
available renewable resources can aid our reliance on importing construction products 
and exporting construction waste. 
 
The United States of America has always been ahead in technological 
advancements.  The United States, which has only 5 percent of the world’s population, is 
responsible for 22 percent of the world’s greenhouse gas emissions.6  Although 
transportation – cars, trucks, trains, airplanes – account for 32 percent of America’s 
                                                
6 Wadhams, Emily. "Introduction." Forum Journal: National Trust for Historic Preservation, March 2009: 
8. 
FIG 1.1 Hawaiʻi’s Isolation 
in the Pacific 
Source: National Academy of 
Sciences Press 
 
Historically Embedded  
 
3
carbon emissions; 43 percent of America’s total carbon emissions come from the 
operation of buildings, and this does not include the carbon generated by extracting, 
manufacturing, and transporting building materials (embodied energy).7 
My project is focused on how precious recycled building materials are, along with 
the importance of embodied energy in Hawaiʻi’s building retrofit potential.8  Seeing 
existing buildings as a reusable form or material for future use is the goal. I also want to 
educate people and help them realize that demolition is not always the solution.  Historic 
preservation is a powerful way to reduce societies’ dependence on non-renewable 
energy and to look forward toward a sustainable future.  Chapter 1 discusses the three 
highlighted ideas and concludes with a comprehensive vision of how they can all work 
together. 
Chapter 2 discusses the challenges the world and Hawaiʻi are facing politically 
and economically.  The policies and programs put in place by our judicial system help to 
bring stability to the chaotic ups, downs, and bursts of the fragile economy and 
ecosystem.  Presently, we are living in one of the worse economic depressions the United 
States has seen since the early twentieth century.  Job opportunities through building 
retrofits are usually greater than with new construction, and putting the American people 
to work with green collar jobs may benefit today’s economy.  Susanna Murley from the 
                                                
7 Ibid 
8 A note on terminology: Embodied Energy refers to the: SOURCING, MANUFACTURING, 
TRANSPORTING, CONSTRUCTING, OPERATING, MAINTAINING, DECONSTRUCTING, 
REPLACING of anything previously constructed. 
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Department of Energy (DOE) Solar Decathlon Committee said, “If we retrofitted 40% of 
the nation’s residential and commercial building stock, we could create 625,000 jobs in 
10 years and generate $64 billion per year in cost savings for U.S. energy ratepayers 
(about $300 to $1,200 per family).”9  Retrofitting buildings will create jobs in design, 
analysis, construction labor, and maintenance operations. 
The American Institute of Architects (AIA) forecasted steep declines in 
nonresidential construction spending through 2010:  “Spending is projected to decrease 
by 16% in 2009 and another 12% in 2010, as shown in Fig. 1.2.  With less money 
flowing through the industry, architects, builders and regular folk are opting for retrofits 
with more practical design.  Turning our backs to this issue is not the solution.”10  
McGraw-Hill Construction also reported “steep declines in nonresidential construction 
projects...(2009).  The commercial and institutional building sectors have seen this large 
decline.”11  With the flow of money to new construction at an all time low, we can raise 
the public’s awareness of the potential of retrofitting through policy, stimulus program 
spending, and the creation of a typology of innovative architecture.  Design strategies can 
                                                
9 Murley, Susan. The DOE's Solar Decathlon Prepares Graduates for Green Jobs. September 13, 2011. 
http://www.huffingtonpost.com/susanna-murley/terps-charged-up-for-the-_b_960031.html?ir=College 
(accessed September 15, 2011). 
10 Baker, Kermit. Consensus Construction Forecast: Steep Downturns in Nonresidential Construction 
Projected Through 2010. July 10, 2009. 
http://info.aia.org/aiarchitect/thisweek09/0710/0710b_consensus.cfm (accessed April 15, 2010). 
11 Ibid 
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help mediate the retrofitting of existing buildings and 
respond to the chaos and economic hardships of new 
construction. 
The importance of public infrastructure like 
“streets and highways, bridges, water and sewer lines, 
and conservation projects [is] significant...”12 but 
unlike those for infrastructure, the funds for buildings 
are much more modest.  Residential and 
nonresidential buildings are significantly limited to 
stimulus project funds that are estimated to total “$35 
to $40 billion over the next two years,…in a $400 
billion a year sector...”13 The private side of the 
building sector sees an unfortunate side effect of this 
situation because retrofits are not a popular way to 
bring revenue to a building developer and/or owner.   
 Chapter 3 discusses precedent studies of 
retrofitted buildings and Chapter 4 discusses the 
metrics of embodied energy brought into the analysis.  Researching and retrofitting 
buildings to make them ‘responsive’ to any climate and ‘sensible’ to the environment can 
                                                
12 Ibid 
13 Ibid 
TABLE 1.2 AIA Economics 
Consensus Forecast 
Source: McGraw-Hill Construction 
Bob Murray 
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help bring people together in identifying their urban city.14  My examination of the role 
building retrofits play in reshaping the diversity of the built environment in cities 
revealed both positive and negative effects in the social, economic, and cultural 
revitalization of cities.  My research investigates how new meanings and values are 
negotiated for recently obsolete, derelict, and abandoned structures.  Countless books 
have been published that cover the design and construction of sustainable building.  
However, sustainability is an extremely broad, misused, and washed term.  For the 
purposes of this project, retrofitted reuse of existing buildings helps to preserve energy 
already expended (embodied) at the building site and embedded within construction 
materials.  Building maintenance and post-occupancy evaluations help to maintain a level 
of energy efficiency after renovation.  Chapters 3 and 4 will explain how embodied 
energy and retrofits are analyzed through specific precedents. 
The inflation of oil and the cost of living in Hawaiʻi have increased awareness of 
the importance of saving money by reducing, reusing, and recycling.  As a future 
architect, it is my responsibility to preserve the built environment rather than demolish it.  
Renovating a structure to be green, healthy, and attractive to current and future tenants 
who share a commitment to preservation, stewardship of the natural environment, and a 
healthy indoor environment is my top priority.  In Chapters 5 and 6, I use Gartley Hall on 
                                                
14 Nyquist, Anders. "Green Building and Planning: Experiences and Visions." In Green Building and 
Planning: Experiences an Visions, by Anders Nyquist, 13. Njurunda: Anders Nyquist Arkitektkontor AB 
Pramviken, 2010. 
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the University of Hawaiʻi at Mānoa campus as a study to educate people on the process 
of retrofits and the metrics of embodied energy.   
 Re-evaluating the paradigms of both the building and the user, one must ask how 
each impacts the political structure, indigenous tradition and culture, and the natural 
ecological geology.  Ensuring a balanced relationship between the environment, 
buildings, and the citizens occupying them, challenges designers to create an innovative 
building typology.  The new building type’s use of policy and programs, quantitative 
embodied energy data, and case studies can set leadership standards and establish 
collaboration and support from the public and professionals.  Leading by example from 
the top down would help us to better understand, identify, and analyze the measures 
necessary to reduce greenhouse gas emissions.   
 Hawaiʻi’s isolation from the mainland United States heightens the importance of 
taking active steps toward promoting a greener understanding of the reuse of existing 
buildings.  Action has been taken in the mainland United States because “existing 
buildings are responsible for more than 43 percent of carbon emissions and account for 
about 75 percent of our electricity use.”15  Hawaiʻi’s situation is different from the 
mainland’s because the importance of awareness and educating people to harness the 
already expended embodied energy within materials is due largely to our state’s isolated 
environment. 
                                                
15 Wadhams, Emily. "Introduction." Forum Journal: National Trust for Historic Preservation, March 
2009: 5. 
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1 Ideology 
PRESERVATION IDEOLOGY  
 
SUSTAINABLITY IDEOLOGY  
 
EMBODIED ENERGY IDEOLOGY  
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Preservation Ideology  
 The National Register of Historic Places is the bedrock of historic preservation in 
the United States.  The National Historic Preservation Act of 1966 was a major 
partnership between the state and federal sectors.  The National Park Service (NPS) is a 
federal agency that manages all national parks, monuments, and other conservation and 
historical properties.  There are districts, sites, buildings, structures, and objects, tangible 
and intangible, that are significant to American history, architecture, archaeology, 
engineering, and culture.  Preserving these resources contributes to a greater 
understanding of our nation’s history and culture.16 
Chapter 6E of the Hawaiʻi Revised Statutes is the state’s historic preservation 
law.  The State Department of Land and Natural Resources (DLNR) enforces the rules, 
and a historic preservation review process is required for redevelopment of land in the 
State of Hawaiʻi.  The State Historic Preservation Division manages and finances all 
future nominations at the state level.  The National Register translates and interfaces with 
preservation on a more local level through the State Historic Preservation Officer 
(SHPO), also known as the State Liaison Officer.  There is one officer per state within the 
United States that oversees the archival research for historic sites.  At the state level, the 
SHPO ensures that the National Register’s standards for evaluating the significance of 
properties are enforced.  The criteria for evaluation are enforced as a guide for state and 
                                                
16 National Park Service, “National Historic Preservation Act of 1966.” 
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local governments, as well as federal agencies, to help retain a nomination’s historical 
integrity.  A nomination’s significance and integrity are a high priority to the SHPO, so 
there must be collaboration between the owner and SHPO. 
 It is often believed that there are conflicts between green building practices and 
technologies and the Secretary of the Interior’s Standards.  Interviews with State Historic 
Preservation Offices, architects, property owners, and developers were conducted in 
preparation for this paper to examine the relationship between green building and the 
Secretary of the Interiors Standards.  I believe that the conflicts that do exist are not 
insurmountable, and these problems are small in relation to the entire building project.  
Those interviewed believed that designers and preservationists could overcome most 
potential conflicts through creative design. 
 Some SHPOs find that reviewing projects that incorporate green features takes 
longer and requires more in-depth review.  Despite this longer process, SHPOs and 
owners can usually work through conflicts and compromise on solutions.  For example, 
“a group of homeowners in a Maryland historic district had high goals for efficiency in 
their homes, and they were content with the compromises that they made with their local 
review board.  Through negotiations with the board, owners were allowed to complete 
almost all of their proposed components with the exception of some features that were 
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visible from the public right-of-way and that were not in keeping with the character of the 
house.”17 
Our environment yields abundant resources but is often taken for granted.  
Society today has become more aware of rapid resource depletion, world population 
growth, and the ever-growing abuse of the environment.  The Historic American 
Buildings Survey (HABS) started in 1933, and the National Historic Preservation Act 
(NHPA) in 1966.  Both the survey and the act provided the research and laws to secure 
historic preservation as the first inherently sustainable practice, before sustainability 
became a movement in the nineties.  In 2007, the National Trust for Historic Preservation 
launched its Sustainability Initiative in order to steer the conversation towards an 
understanding of the value of conserving our existing resources rather than consuming 
more.  The National Trust’s Sustainability Initiative is guided by four core principles of 
stewardship: 
First the reuse of our existing buildings reduces the amount of demolition and 
construction waste deposited in landfills, lessens the unnecessary demand for 
new energy and other resources needed to construct a new building, and 
conserves the energy originally expended to create the structures (embodied 
energy).  Reinvestment in older and historic communities also has numerous 
environmental benefits.  Older and historic communities tend to be centrally 
located, dense, walkable, and are often mass-transit accessible – qualities 
                                                
17 Friends of the National Center for Preservation Training and Technology and the National Trust for 
Historic Preservation, “Sustainability and Historic Preservation - Making Policy. Green Building Practices 
and the Secretary of the Interior’s Standards for Historic Preservation.” (Pocantico Symposium, November 
2008). 
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promoted by Smart Growth advocates.  Reinvestment in these communities 
also preserves the energy expended in creating the existing infrastructure, such 
as roads, water systems and sewer lines.  Retrofits of historic buildings can and 
should be undertaken to extend building life and better capture the energy 
saving available through new technologies.  Finally, respect for our existing 
built environment is an important component of the Sustainability Initiative’s 
strategy.18 
The principles of historic preservation are the foundation of sustainable principles 
today.  It is important to understand the practice of preserving history to have a clearer 
understanding of the deep roots from which sustainability grew.  Although there has been 
disconnect between the two principles, a correlation remains within the study of 
embodied energy and retrofits. 
                                                
18 Frey, Patrice. Building Reuse: Finding a Place on American Climate Policy Agendas. Sustainability 
Research , Washington D.C.: National Trust of Historic Preservation, 2008. 
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Sustainability Ideology  
Buildings are substantial CO2 emitters and a major contributor to climate change.  
According to the US Energy Information Administration, buildings account for “76% of 
fossil fuel consumption, transportation 1%, and industry 23%.”19  This argument is based 
on the large environmental footprint of buildings, especially when considering the high 
reliance on resources due to an increased acceptance of air conditioning and heating 
(HVAC).20  Stakeholders, building owners, tenants, and property appraisers (values) are 
linked to the level of energy consumption (carbon footprint) of a building.  The problem 
lies with how the level of energy consumption of a building due to rating tools can 
potentially play a major role in the way buildings are operated, maintained, and designed.    
                                                
19 U.S. Energy Information Administration . Architecture 2030. January 1, 2010. 
www.architecture2030.org (accessed April 1, 2010). 
20 Ibid 
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FIG 2.1 International Rating Tools 
Source: JOSRE 
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Countries have introduced new rating tools over the past few years in order to 
improve knowledge about the level of sustainability in the building sector.  Consideration 
is given to the different rating tools for sustainable buildings in each country.  These 
rating tools have evolved over time, and countries and their rating tools have contributed 
to seeking and providing insight into building’s positive and negative effects on society.    
The various rating systems, as shown in Fig. 2.1 in Appendix, indicates the main rating 
tool implemented and where it is located.21 
 The World Green Building Council (WGBC) has the largest global coverage, with 
worldwide links in the United States, Canada, some parts of Europe, Japan, Australia, and 
South Africa.  The Leadership in Energy and Environmental Design (LEED) and BRE 
Environmental Assessment Method (BREEAM) building rating systems are both moving 
toward an internationally accepted rating tool.  “It is reported that three of the most 
common rating tools, namely BREEAM, LEED, and Green Star, are seeking to develop 
common metrics that will help international stakeholders compare buildings in different 
cities using an ‘international language.’”22   
 The international rating system is a great tool to implement and drive green 
building strategies into the minds of designers, contractors, stakeholders, and social 
thinkers.  The location of a project is considered due to each locale’s climate change 
                                                
21 Reed, Richard, Anita Bilos, Sara Wilkinson, and Karl-Werner Schulte. "International Comparison of 
Sustainable Rating Tools." JOSRE 1 (2009) 
22 Reed, Richard, Anita Bilos, Sara Wilkinson, and Karl-Werner Schulte. "International Comparison of 
Sustainable Rating Tools." JOSRE 1 (2009): 6. 
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issues.  Australia’s lack of water and drought, and the United Kingdom’s flooding issues 
are evidence that climate change is real and must be addressed.  The individual 
characteristics of each country must not be overlooked, and at times, a universal rating 
tool may not work for every country.  Overall, the rating tool system has positive and 
negative effects and can help to change people’s ways of thinking about their everyday 
activities and their effects on the environment. 
 Older buildings23 comprise more than half of the existing buildings in the United 
States.  Retention and adaptive reuse of these buildings preserves the materials, embodied 
energy, and human capital already expended in their construction.  The recycling of 
buildings is one of the most beneficial “green” practices, and stresses the importance and 
values of historic preservation in the overall promotion of sustainability.   
 LEED for Existing Buildings (LEED-EB), launched in 2004, looks at actual 
building performance, and in 2006, the U.S. Green Building Council (USGBC) 
announced that buildings certified under LEED for New Construction (LEED-NC) would 
have the option of being enrolled at no charge in LEED-EB.  Rick Fedrizzi, CEO of the 
USGBC, recently wrote in the Huffington Post that “there are about 120 million existing 
homes in the U.S., and about 5 million commercial buildings comprising more than 71 
billion square feet of space.  And virtually every one of them is an energy hog.”  
Renovating historic buildings in order to address energy efficiency and climate disruption 
is a challenging puzzle that also represents great opportunities.  There are occasions when 
                                                
23 A note on terminology: Any building older than 50 years is considered older. 
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reusing existing buildings and retrofitting them to be more energy efficient has a higher 
payback than new construction. 
 The Preservation Green Lab in Seattle, Washington is an initiative of the National 
Trust for Historic Preservation.  The lab is focused on developing public policy and 
building codes to solve historic retrofit challenges, and to demonstrate solutions with 
pilot projects.  According to an article by a director of the Association for Preservation 
Technology International, buildings constructed before 1920 on average consume less 
energy per square foot than those built in any decade since.   
 LEED EB-O&M (Operations and Maintenance) is one of the newest rating 
systems developed by the USGBC.  The LEED EB-O&M documentation is designed to 
be completed by operations and maintenance staff, and focuses on actual building 
performance data and improvements.  The advantage of measuring specific loads in 
existing buildings is that it enables operations staff to implement more effective building 
energy efficiency measures based on actual occupant use patterns.24  The USGBC’s 
LEED EB-O&M tracks and measures carbon emissions and reductions.  Monitoring the 
energy load, demand, and reduction of retrofitted buildings provides the level of metrics 
needed to properly determine the success or failure of a project. 
The USGBC’s Leadership in Energy and Environmental Design (LEED) rating 
system is a persuasive and powerful tool to promote energy efficiency in buildings.  My 
                                                
24 Driedger, Michael. "Choosing the Right Green Building Rating System." Perkins + Will Research 
Journal 01.01 (2009): 22-41. 
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project came to life because of the impact regionalism has on the “materials and 
resources” section in LEED.  I feel LEED should take “point” consideration of projects 
that reuse verses projects that demolish.  This could be assigning points or simply 
offering a better regional rating for Hawaiʻi’s isolation.  The varied regions throughout 
the United States, for example Oregon verses Hawaiʻi, are another consideration that 
should be addressed by LEED.  Hawaiʻi is a unique case that should have the 
transportation of construction materials and construction/demolition waste factored in the 
“materials and resources” section in LEED. 
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Embodied Energy Ideology  
 The concept of embodied energy (i.e. Life Cycle Assessment, Embedded Energy) 
originated in the late 1960’s when it became clear that the only sensible way to examine 
industrial systems was to examine their performance, starting with the extraction of raw 
materials from the earth and tracing all operations until the final disposal of these 
materials as wastes back into the earth.25  “Cradle-to-grave” refers to this lifecycle of a 
particular material from production to demolition.  During the late 1960’s, the cradle-to-
grave concept concentrated mainly on energy and raw materials, but now with modern 
methods, it takes into account air emissions, water emissions, and solid waste.   
 The Athena EcoCalculator and the Waste Reduction Model (WARM) are two 
tools that help to calculate embodied energy.  The Athena EcoCalculator tool looks at the 
entire cradle-to-grave process and calculates total embodied energy in particular building 
systems.  The WARM tool looks at transportation and waste management scenarios, and 
compares various waste management practices.  Alternate scenarios help to better 
manage the transportation and management of construction/demolition waste. 
 There are two forms of embodied energy in buildings that I will be focusing on in 
this paper: initial embodied energy and recurring embodied energy.   
                                                
25 Boustead Consulting (BCL). LCAs and LCIs. June 22, 2011. http://www.boustead-
consulting.co.uk/introduc.htm (accessed October 24, 2011). 
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The initial embodied energy in buildings represents the non-renewable 
energy consumed in the acquisition of raw materials, their processing, 
manufacturing, transportation to site, and construction.  This initial embodied 
energy has two components, direct and indirect energy.  Direct energy is the 
energy used to transport building products to the site, and then to construct the 
building.  Indirect energy is the energy used to acquire, process, and 
manufacture the building materials, including any transportation related to these 
activities.26 
 The recurring embodied energy in buildings represents the non-
renewable energy consumed to maintain, repair, restore, refurbish or replace 
materials, components or systems during the life of the building.  As buildings 
become more energy-efficient, the ratio of embodied energy to lifetime 
consumption increases.  Clearly, for buildings claiming to be “zero-energy” or 
“autonomous”, the energy used in construction and final disposal takes on a new 
significance. 
                                                
26 Canadian Architect. Measures of Sustainability. January 1, 2011. 
http://www.canadianarchitect.com/asf/perspectives_sustainibility/measures_of_sustainablity/measures_of_
sustainablity_embodied.htm (accessed November 1, 2011). 
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Political Challenge 
The common perception is that historic buildings are energy hogs, and that the 
environmental costs of demolition and new construction are far outweighed by the energy 
saved by the operation of more high performance, energy efficient buildings.  Research 
suggests that many historic and older buildings are actually more energy efficient than 
recently constructed buildings because of their greater potential for site sensitivity, 
quality of construction, and use of passive heating and cooling.  
Bringing change to established standards requires a top-down approach, starting 
with high governmental officials and a proposed policy backed by the public, researchers, 
and hard-fact data that is quantified and monitored accurately.  The Kyoto Protocol 
(1997) has been a standard for monitoring and reducing greenhouse gas emissions 
globally, but a proposal and accurate up-to-date database that helps to monitor and reduce 
embodied energy in buildings has not been updated since the 1980’s.  The embodied 
energy database that does exist is nowhere near the level of policy that the Kyoto 
Protocol is at currently.  It has the potential to become a globally used database backed 
by international policy. 
 Typically, one would employ six criteria to evaluate policy proposals: 
“environmental outcome, dynamic efficiency, cost effectiveness, equity, flexibility in the 
presence of new information, and incentives for participation and compliance.  At times 
there may be tensions among several of the evaluative criteria, such as between 
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environmental outcome and efficiency, and between cost effectiveness and incentives for 
participation and compliance.”27  Such tensions may cause participation, one of the 
objective requirements, to get off track.  Regaining direction during this time of tension is 
common; although the stringent goals need to be met, targets are of little or no 
environmental benefit if participation is low or if parties fail to cooperate.   
 The Kyoto Protocol (1997) is taking the lead in greenhouse gas emission 
reduction globally; Kyoto (1997) proposed three means of meeting targets by way of 
market-based mechanisms.  “(1) emissions trading – known as ‘the carbon market,’ (2) 
the clean development mechanism (CDM), and (3) joint implementation (JI).”28   
Although the Kyoto Protocol has gained international acceptance, there are many 
criticisms regarding the mechanisms being used to stimulate green investment and 
allowing parties to meet their emission targets in a cost effective way.  Kyoto has been 
described as “too little, too fast,” by Barrett and Stavins.29  Table 2, as shown in 
Appendix 7, describes alternative international policies for global climate change in an 
easy to read chart.  The “too little, too fast” criticism of the Kyoto Protocol was given 
because it asks for “excessively costly short-term reductions in emissions, without 
                                                
27 Aldy, Joseph E., Scott Barrett, and Robert N. Stavins. "Thirteen Plus One: A Comparison of Global 
Climate Policy Architectures." Climate Change Modeling and Policy, 2003: Summary. 
28 United Framework Convention on Climate Change (UNFCCC). Kyoto Protocol. 
http://unfccc.int/kyoto_protocol/items/2830.php (accessed April 1, 2010). 
 
29 Aldy, Joseph E., Scott Barrett, and Robert N. Stavins. "Thirteen Plus One: A Comparison of Global 
Climate Policy Architectures." Climate Change Modeling and Policy, 2003: Summary. 
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determining what should be done over a longer timeframe.”30  A longer timeframe will 
allow for more credibility and better incentives for private corporations to make long-
term investments. 
 A next-generation monitoring, assessment, and control system will aid the public 
in understanding the importance of monitoring energy consumption.  Future control 
centers should be intuitive, publicly available, and fully automated in an easy to 
understand system.  The system will allow the public to access a monitoring based 
measurement of their greenhouse gas emission and carbon consumption, and to thereby 
set attainable goals.  “Real-time monitoring and control for state estimation and 
contingency analysis was initially developed in the 1960s.”31  The availability, 
implementation, control, and enforcement of future smart control systems will need to 
start from high government policy.  Future work may lie in research and demonstration of 
the feasibility of the proposed concept of future smart control centers, including 
monitoring functions, assessment functions, and controllability.  The technology of the 
twenty-first century can make future control centers a reality today.  
 Emily Wadhams is the vice president for public policy and directs the National 
Trust for Historic Preservation’s Sustainability Program.  Through federal policy, the 
National Trust for Historic Preservation is addressing issues such as climate change, the 
                                                
30 Aldy, Joseph E., Scott Barrett, and Robert N. Stavins. "Thirteen Plus One: A Comparison of Global 
Climate Policy Architectures." Climate Change Modeling and Policy, 2003: 478. 
31 Li, Fangxing, Pei Zhang, and Navin Bhatt. "Next Generation Monitoring and Control Functions for 
Future Control Centers." North American Power Symposium NAPS, 2008: 1. 
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energy crisis, green incentives, state and local policies, and an innovative program called 
“preservation green lab.”  Refer to Appendix 5 for more details on these positive actions.   
 The challenges facing global climate change are hard to quantify and monitor, but 
basically, they involve funding and tracking carbon emissions.  Policy in a top-down 
democratic society like the United States affects building design and can help to bring 
order and action to a society seeking a clean energy future.  Looking at Hawaiʻi’s 
political challenges from a state level will help to identify specific issues and ways to 
help mediate the energy crisis. 
 Hawaiʻi’s primary means of managing solid waste has been disposal in landfills.  
Table 2.1 indicates that the average American produces 4.6 pounds of solid waste daily, 
and residential waste comprises almost two-thirds of municipal solid waste.  In 2006, the 
United States generated 251 million tons of trash.32 This number will continue to grow 
with our nation’s population. 
                                                
32 Sustainable Cities Institute. Materials Management. January 1, 2007. 
http://www.sustainablecitiesinstitute.org/view/page.basic/class/tag.topic/materials_management (accessed 
September 30, 2011). 
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The shortage of landfills and the overall size of Hawaiʻi make it difficult to 
manage the waste generated by the population. However, by going back to the basics; 
using construction and demolition waste reduction programs; and educating the public, 
businesses, developers, contractors, and architects on how to use less, we can improve 
our management of construction and demolition waste.  When designers and builders 
understand the negative impacts that waste has on the environment, they can be more 
proactive in reducing them. 
The volume of construction and demolition waste continues to grow as older 
buildings are demolished to make way for new ones.  The proper assessment of existing 
buildings is a way to help minimize construction and demolition waste. 
TABLE 2.1 America’s Total 
Municipal Solid Waste Generation  
Source: Sustainable Cities Institute 
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Hawaiʻi Challenge 
Hawaiʻi’s Energy Objectives 
 Hawaiʻi’s energy policy is seeking to ensure dependable, efficient, and 
economical energy.  Increasing self-sufficiency and decreasing our reliance on imported 
fossil fuels will result in greater energy security and reduce greenhouse gas emissions.  In 
addition to greenhouse gas reductions, keeping energy production methods in Hawaiʻi 
will help to control embodied energy.  Hawaiʻi’s energy objectives are described in the 
Hawaiʻi Revised Statutes, Chapter 226-18, “Objectives and policies for facility systems – 
energy,” as amended:   
Planning for the State's facility systems with regard to energy shall be 
directed toward the achievement of the following objectives, giving due 
consideration to all: 
1.  Dependable, efficient, and economical statewide energy 
systems capable of supporting the needs of the people;  
 2.  Increased energy self-sufficiency where the ratio of 
 indigenous to imported energy use is increased;  
3.  Greater energy security in the face of threats to Hawaiʻi’s 
energy supplies and systems; and  
4.  Reduction, avoidance, or sequestration of greenhouse gas 
emissions from energy supply and use."33 
 
                                                
33 Hawaii Department of Business Economic Development and Tourism. Energy, Resource, and 
Technology Division. http://hawaii.gov/dbedt/info/energy/ (accessed April 2010). 
Historically Embedded  
 
28
 Some of the reasons Hawaiʻi is more efficient than the mainland average include 
high-energy prices that discourage energy use, little requirement for space heating, few 
energy-intensive industries, and short driving distances.  Current solar power needs to be 
regulated due to the lack of grid supportability.  “From the 1960’s to the late 1980’s oil 
was being used and reached its peak in 1989, accounting for 92% of total energy use.”34  
Since the 1990’s, H-power and more alternative and renewable resources have become 
more readily available and affordable.  “Energy security includes supply security, price 
security or stability, and economic security.”35  “Supply security” ensures that energy is 
available despite market disruptions elsewhere.  Price stability is sought to protect against 
price fluctuations, which reduce economic security.  Physical damage to energy 
infrastructure (i.e. natural disasters, terrorism) is possible due to modern technologies.  
Upkeep and proper maintenance are also extremely important to properly run an energy 
supply system.  “ACT 234 established the State’s policy framework and requirements to 
lower Hawaiʻi’s greenhouse gas emissions cost effectively by January 2020.”36 Hawaiʻi’s 
goal is to lower greenhouse gas emissions from 1990 to equal or lesser values by 2020 
through the promotion of renewable and alternative resources, and lowered dependence 
on imported fossil fuels. 
                                                
34 Hawaii Department of Business Economic Development and Tourism. Energy, Resource, and 
Technology Division. http://hawaii.gov/dbedt/info/energy/ (accessed April 2010). 
35 Ibid 
36 Ibid 
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 The impact of the service life and operating efficiency of a building are best 
illustrated in Table 2.2 below.37  Although this project is being compared in Sydney, 
Australia and Ann Arbor, Michigan, the intent of comparing two separate regions is 
apparent.  For a standard efficiency building, over a 100-year service life, the 
approximate percentage of the total carbon footprint of a building attributable to the 
embodied energy of materials is 15 percent, the other 85 percent being attributed to 
operations and maintenance.  A shorter service life, in addition to increasingly more 
efficient buildings (as represented in the green line), has an inversely proportional impact 
of increasing the importance of embodied energy while decreasing the importance of 
operational energy to the total carbon footprint.  As the USGBC embraces the 2030 
challenge and buildings move to zero net carbon (rather than zero net energy as the 
buildings will always use energy), the embodied energy of the building materials may 
well surpass the operational energy footprint.38 
                                                
37  Reiner, Mark, Mark Pitterle, and Michael Whitaker. "How Do You Define Green?: Embodied Energy 
Considerations in Existing LEED Credits." Symbiotic Engineering. September 1, 2007. 
http://www.symbiotic-
engineering.com/includes/content/publications/embodied_energy_considerations_in_existing_leed_credits.
pdf (accessed November 20, 2010). 
38 Ibid 
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According to the Hawaiʻi County Integrated Resource and Solid Waste 
Management Plan, lumber accounts for 10 percent or more of materials disposed of in 
Hawaiʻi’s county landfills.  The wasteful mentality associated with construction and 
demolition needs to be re-evaluated and managed more efficiently.  Materials are the 
heart and soul of building.  Most of the building materials used in the construction of 
buildings in Hawaiʻi come from the United States west coast.  While importing building 
materials to Hawaiʻi, we are shipping construction and demolition waste to landfills on 
the west coast to alleviate our state’s overfilled landfills.   
TABLE 2.2 Impact of Service Life and 
Operating Efficiency of Buildings  
Source: Symbiotic Engineering 
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Hawaiʻi’s Reliance on Importing Products 
In the continued future and beyond, most of the nation’s energy demands will still 
be met with fossil fuels and nuclear fission.  In turn, fossil fuels are fast becoming a 
scarce world commodity due to the increasing demand for them.  “Petroleum provides up 
to 75% of Hawaiʻi‘s energy needs.  All of the petroleum products used in the State must 
be imported to the State.”39  Under normal circumstances, an estimated thirty-day supply 
of most petroleum products is stored at the oil terminals and tank farms on the island of 
O‘ahu.  The island’s energy needs and economy could be in a catastrophic situation if a 
disaster were to occur. 
Hawaiʻi has less than a seven-day supply of many foods, especially perishables.  
Some 90 percent of our food is still imported.  Hawaiʻi will never be totally self-
sufficient – the goal is to produce food for the local market efficiently enough to replace 
most imports.  Hopefully, it will be done based on a philosophy of self-efficacy, 
sustainability, and stewardship reflecting “aloha ʻāina” – love of the land.40  The County 
of Hawaiʻi must decrease its energy costs and vulnerability.  To do so, the county must 
combine efforts to achieve energy conservation efficiency and the development of natural 
renewable energy alternatives that reduce dependence on imported fossil fuels and 
increase energy efficiency.  Looking at building retrofits and embodied energy is a step 
towards mediating logistics and our reliance on importing. 
                                                
39 County of Hawaiʻi. ENERGY-County of Hawaiʻi. January 1, 2011. 
www.co.hawaii.hi.us/general_plan_rev/revision/energy.doc (accessed October 26, 2011). 
40 Clements, Tom. Alternative Hawaiʻi: Hawaiʻi’s Agriculture Facing the Future. February 1, 2005. 
http://www.alternative-hawaii.com/agriculture/index.htm (accessed September 22, 2011). 
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Hawaiʻi’s Transportation Crisis 
Hawaiʻi’s isolation from the United States makes our reliance more pronounced.  
Importing construction products and exporting construction and demolition waste can 
create a burden on our state’s economy and adds to the embodied energy of materials.  
Horizon Lines, Inc. is the nation’s leading domestic ocean shipping and integrated 
logistics company.41  The company offers three weekly, fixed-day direct sailings from 
Tacoma, Washington; Oakland, California; and Los Angeles, California to Hawaiʻi.  
Most of Hawaiʻi’s products are shipped via freight container ships and/or barges from the 
United States west coast.  “Freight shipping is one of the world’s leading sources of 
carbon dioxide emissions that contribute to global climate change.”42  Shipping costs play 
a big role in bringing new construction materials to either build new buildings or retrofit 
existing ones. 
Although Hawaiʻi’s environment is one of the most unique in the world, we do 
not play much of a role in supplying the United States with nonfuel minerals.  As seen in 
Appendix 15, nonfuel minerals add value to the U.S. gross domestic product (GDP) by 
supporting major industries that consume processed mineral materials.43  Appendix 16 
outlines the values of nonfuel mineral production in the United States and the principal 
nonfuel minerals produced in 2010 by Hawaiʻi.  Hawaiʻi is ranked 46/50 and supplies 
                                                
41 Horizon Lines, Inc. Horizon Lines Hawaiʻi. January 1, 2010. http://www.horizonlines.com/Ocean-
Services/Hawaii.aspx (accessed October 26, 2011). 
42 Ibid 
43 Major consuming industries of processed mineral materials are construction, durable goods 
manufacturing, and some nondurable goods manufacturers.  The value of shipments for processed materials 
cannot be directly related to gross domestic product.   
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only 0.17 percent of U.S. crushed stone, construction sand and gravel, and natural 
gemstones.  Although some of the crushed stone and construction sand and gravel could 
be kept on the island, most of the other construction materials (e.g. Portland cement, 
steel, gypsum, paints, and chemicals) need to be imported from the mainland U.S.   
To help minimize transportation costs, Hawaiʻi needs to find ways to keep 
existing materials on site rather than continue importing more into the islands.  
Understanding the energy already expended in existing materials or buildings here can 
help alleviate our reliance on importing new products. 
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Policies and Programs 
Policies and programs are a strong driving force toward change and participation.  
A number of current enacted policies provide national leadership and encourage 
compliance with the desire to conserve our national history and educate future 
generations.  Acts, laws, and policies effectively serve the conservation of historic sites.   
U.S. General Services Administration’s Legacy Vision Policy 
The United States General Services Administration’s (GSA) historic preservation 
program provides technical and strategic expertise to promote the viability, reuse, and 
integrity of historic buildings.  The Legacy Vision Policy is an inventory that the GSA is 
undertaking to review and file public buildings in a portfolio.  The ultimate outcome is to 
provide quality workplaces, increase customer satisfaction, and enhance the asset value 
of real estate for the benefit of the taxpayer.41  The strategies and policies are in place to 
control the stewardship and trusteeship for future generations to experience the 
significance the included historic buildings have had in history.  
U.S. Federal Tax Incentive Programs  
The Federal Historic Preservation Tax Incentives Program has enormous cultural, 
economic, and social impacts.  It promotes the enhancement of the environment and 
quality of life in communities.  As well, it leverages private investment in depressed 
                                                
41 LVP (2010). Legacy Vision Policy: Restructuring the Owned Inventory. February 19, 2010.  
http://www.gsa.gov/Portal/gsa/ep/contentView.do? contentType=GSA_BASIC&contentId=17977  
(accessed April 19, 2010). 
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neighborhoods, creates jobs, promotes community preservation, fosters heritage 
education, enhances state and local tax revenues, and increases property values.  
Rehabilitation tax credits provide a 10 percent or 20 percent tax credit on the 
rehabilitation and renovation of old buildings for use as offices, hotels, apartments, etc. 
Conservation/façade easements offer an income tax deduction for the donation of a 
specified portion of a historic building.  The Mills Act provides property tax relief in 
exchange for the continued preservation of historic properties.  The Investment Tax 
Credit for Low-Income Housing provides a tax credit for the acquisition, construction, or 
rehabilitation of low-income housing and can be applied to historic structures.  The new 
markets tax credit, relatively new, provides funding for qualified businesses and 
economic development activities that benefit low-income neighborhoods.42 
Tax Reform Act of 1986 
Under the provisions of the Tax Reform Act of 1986, a 20% tax credit is available 
for the substantial rehabilitation of commercial, agricultural, industrial, or rental 
residential buildings that are certified as historic.  Over the past five years, 27,851 low 
and moderate income housing units were created in the United States, constituting 44 
percent of the total number of housing units completed under the historic preservation tax 
credit program within that same time period.  State Historic Preservation Offices and 
local governments are working with state housing agencies to encourage greater 
allocation of low income housing funds for rehabilitation rather than new construction of 
                                                
42 Los Angeles Planning and Zoning. Adaptive Reuse Ordinance. 
http://www.ladbs.org/rpt_code_pub/Ordinance.pdf (accessed April 2010). 
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affordable housing.  Federal tax incentives raise equity capital from investors to help 
finance different kinds of development: affordable housing, economic development, and 
renovation of historic buildings.  A low-income housing tax credit is awarded to 
developers to help fund the construction or rehabilitation of apartments for low-income 
renters. 
The National Historic Preservation Act of 1966 
 The National Register of Historic Places, the list of National Historic Landmarks, 
and the State Historic Preservation Offices created the Act; it was passed into legislation 
October 15, 1966.   “The National Historic Preservation Act of 1966, as amended (16 
U.S.C. § 470 et seq.), Executive Order 11593, Executive Order 13006, and Executive 
Order 13287 directs all Federal agencies to follow strict political laws.”43   The National 
Historic Preservation Act of 1966 helped to solidify a foundation for historic 
preservationists to preserve historical and archaeological sites in the United States of 
America and helps to save our National heritage.  
U.S. Retrofit Ramp Up Program 
In celebration of Earth Day 2010, the White House promised $452 million in 
ecoretrofits for homes in twenty-five communities across the U.S. as part of the all-new 
“Retrofit Ramp Up” program.  The program is expected to “ramp up” energy efficiency 
in U.S. homes, create green collar jobs, and save Americans millions in utility bills.  As 
part of the program, homeowners are eligible for rebates of up to $3,000 for their 
                                                
43 General Services Administration (GSA). ADM 1020.2 Procedures for Historic Properties . 
http://www.gsa.gov/Portal/gsa/ep/contentView.do?contentType=GSA_BASIC&contentId=12228 (accessed 
April 19, 2010). 
 Historically Embedded 37 
 
ecoefforts.44  With the help of the Retrofit Ramp Up Program, green collar jobs can help 
put Americans back to work and could offer more jobs in the construction/building 
sector. 
Hawaiʻi County Integrated Resource and Solid Waste Management Plan 
 The 2009 County of Hawaiʻi Integrated Resources and Solid Waste Management 
Plan (IRSWMP) Update has been prepared in compliance with the Hawai‘i Revised 
Statutes (HRS) Chapter 342G, which requires counties in Hawai‘i to update and revise 
their solid waste management plans every five years. The last update to the plan was 
completed in 2002. Revision of the plan began in early 2008 and involved the 
participation of a Solid Waste Advisory Committee (SWAC), the County of Hawai‘i 
Environmental Management Commission, the public, the business community, the 
County of Hawai‘i Department of Environmental Management (DEM), the Office of the 
Mayor, the Solid Waste Division (SWD), the County Council, and numerous other 
stakeholders.  The following executive summary comes from the December 2009 
IRSWMP update from the State of Hawaiʻi:45   
This IRSWMP update includes an evaluation of waste management 
practices in the County, including waste reduction practices and 
programs, opportunities for implementation of zero waste policies and 
                                                
44 Biden, Joe (Vice President, 2010). Remarks by the Vice President Announcing Recover Act "Retrofit 
Ramp Up" Awards on Even of Earth Day. April 21, 2010. http://www.whitehouse.gov/the-press-
office/remarks-vice-presidentannouncing- recovery-act-retrofit-ramp-awards-eve-earth-day (accessed April 
22, 2010). 
45 State County of Hawaiʻi . County of Hawaiʻi Integrated Resource and Solid Waste Management Plan. 
Executive Summary, Honolulu: State County of Hawaiʻi , 2009. 
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practices, the status of both active and closed landfills, and potential 
options for expanding and extending the capacity of the South Hilo 
Sanitary Landfill (SHSL). The results are organized by section in 
accordance with HRS 342G. Each section contains a description of the 
existing conditions, a summary of the 2002 Integrated Solid Waste 
Management Plan (ISWMP) update recommendations and status of 
implementation of those recommendations, a description of options 
available to the County for improvement of the solid waste management 
program, and recommendations for implementation of selected options.  
The recommendations in this Plan are projected to increase the County’s 
current recycling rate of 29 percent to a rate of 44 percent by the end of 
the planning period (FY 14-15).  
 
County of Hawaiʻi Energy Plan 
 See Appendix 18 “County of Hawaiʻi – Energy.” 
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3 Building Precedent Studies 
JEAN VOLLUM NATURAL CAPITAL CENTER 
 
KING STREET STATION REHABILITATION  
 
BISHOP MUSEUM’S HAWAIIAN HALL 
 
CITY OF LOS ANGELES ADAPTIVE REUSE ORDINANCE 
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Building Precedent Studies 
*Case Study: Jean Vollum Natural Capital Center 
 721 NW 9th Avenue, Portland, Oregon 
The Jean Vollum Natural Capital 
Center is an ideal model because it is a 
historic renovation located in a city that prides 
itself on progressive, sustainable-minded 
thinking, and that is used as a tool to open 
people’s minds to sustainable design.  It is 
located in the River District, or Pearl District, 
in northwest Portland, an old industrial area of 
warehouse buildings and thirty-four acres of 
rail yards.  The River District is currently 
undergoing rapid development into high-
density urban residential neighborhoods with 
art galleries, retail shops, restaurants, and 
green spaces, serviced by new Portland 
Streetcar lines. 
The original building was a warehouse 
built in 1895 to store building supplies.  The 
Architecture Firm: 
Holst Architecture 
Building Date: 
1895 
Restoration Completion Date: 
2001 
Project Size (sf/site acreage): 
79,000 SF 
Project Use: 
Office, Retail & Restaurant Space 
Project Location: 
Portland, Oregon 
Budget ($/sq Ft, optional): 
$183 /sq Ft or $12.8 million 
Historic Preservationist: 
Heritage Consulting Group 
General Contractor: 
Walsh Construction Co. 
Owner: 
Ecotrust 
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building is a classic example of Richardsonian Romanesque style architecture.46  
Ecotrust, the owner and a non-profit group, supports sustainability in the Pacific 
Northwest.  Ecotrust added space and earned a LEED Gold rating, but it had less success 
convincing the National Park Service that it had followed the Secretary of Interior’s 
Standards.  The steps to register the building were addressed too late in the design 
process to obtain a spot on the National Register of Historic Places.  Refer to Appendix 4 
and 7 to see a more detailed breakdown of LEED categories and materials.   
The Jean Vollum Natural Capital Center sets a high standard for other projects 
implementing green building in historic preservation.  The progressive Portland setting at 
the public and private levels, although not absolutely required for success as can be 
proven in other case studies, does aid tremendously in promoting sustainable 
development and smart growth at an urban scale.  Collaboration and understanding 
amongst the project players is essential; however, so is a clearly defined project mission 
at the outset.  It certainly helps when all those involved strongly believe in the project 
concept, particularly when dealing with sustainable design applied to a historic 
nominated building.  The goals and intentions of such projects should carry more than 
simple physical and economic goals; they should reflect a common belief and mindset in 
the stewardship of the built and natural environments. 
 
                                                
46 DiNola, Ralph. "Historic Preservation and Green Building: A Lasting Relationship." Environmental 
Building News, January 1, 2007: 6. 
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*Case Study: Portland Center Stage Armory  
128 Eleventh Avenue, Portland, Oregon 
 Oregon is one of the leaders in 
promoting the concept of sustainable design 
when it comes to building renewal.  This is 
due to the progressive public, private, and 
governmental sectors collaborating to achieve 
a cohesive built and natural environment.   
The Portland Armory is a nineteenth 
century building in the heart of Portland’s 
Pearl District where the past and future have 
been incorporated in a seamless design.  From 
its intended use as the first armory in Portland 
for the National Guard, it has been 
transformed into a performing arts center, a 
community space, and shining example of 
twenty-first century sustainable design.  Over 
the decades, the building has served as an 
annex and drilling ground for the Portland 
Armory, a public events venue, and a retail 
Architecture Firm: 
GBD Architects  
Building Date: 
1891 
Restoration Completion Date: 
2006 
Project Size (sf /site acreage): 
56,000 SF 
Project Use: 
Performance Facility & Theater 
Project Location: 
Portland, Oregon 
Budget ($/sq Ft, optional): 
$675/sq Ft or $38.7 million 
Historic Preservationist: 
Heritage Consulting Group, John Tess 
General Contractor: 
Hoffman Construction 
Owner: 
Gerding Edlen Development 
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space.47  Today, through a unique public-private partnership and a million dollar project, 
the Portland Family of Funds and Portland Center Stage renovated the armory into a state 
of the art performance facility.  In addition to funding the project, there were numerous 
other problems to solve, including, seismic upgrades; creating 56,000 square feet of space 
within a 20,000 square foot footprint; and maintaining the old growth Douglas fir trusses. 
 Portland, Oregon has been a hub for “smart development” and “sustainable 
practice” through governmental policies and public involvement.  Despite the technology 
added to the building, it is listed on the National Register of Historic Places with a LEED 
Platinum rating.  This case goes to show that there can be compromise between getting a 
building listed on the National Register and LEED certified.   
The Gerding Theater at the Armory attracts more than 150,000 people annually 
for all manners of events.  The theater hosts numerous delegations of architects and city 
planners interested in preservation, offering guided tours, media displays, and lecture 
series.  Educating and involving the community has contributed significantly to the 
success of the Portland Armory project.”48  Refer to Appendix 2 for a more detailed 
breakdown of the LEED categories. 
 
 
                                                
47 Architectural Heritage Center. Gerding Theater at the Armory Case Study. April 15, 2008. 
http://www.visitahc.org/content/gerding-theater-armory-case-study (accessed November 23, 2010). 
48 Architectural Heritage Center. Gerding Theater at the Armory Case Study. April 15, 2008. 
http://www.visitahc.org/content/gerding-theater-armory-case-study (accessed November 23, 2010). 
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*Case Study: Bishop Museum’s Hawaiian Hall  
1525 Bernice Street, Honolulu, Hawaiʻi 
 The Bishop Museum’s Hawaiian Hall 
is a special place within the Bishop Museum 
complex because it houses a rare collection of 
Hawaiian artifacts found nowhere else in the 
world.  Hawaiian Hall is also a rare example 
of a Victorian museum, originally designed by 
C.W. Dickey and Ripley in 1903.  The 
architectural firm handling the restoration 
project won a 2010 American Institute of 
Architects (AIA) Honolulu Award. 
Mason Architects designed the Phase I 
restoration and improvement of the historic 
Hawaiian Hall Complex.  The complex was 
built in three stages, from 1888 to 1903, by 
Charles Reed Bishop, who created a museum 
to house the collection of Hawaiian artifacts 
owned by his wife, Princess Bernice Pauahi Bishop, who died in 1884.  Mason 
Architects’ Historic Structures Report documented the building’s significance and history 
of alterations, and recommended guidelines for its preservation.  Originally, skylights and 
double-hung windows provided all the lighting and ventilation for the complex, but over 
Architecture Firm: 
Mason Architects Inc. 
Building Date: 
1889 
Restoration Completion Date: 
2009 
Project Size (sf /site acreage): 
56,000 SF 
Project Use: 
Museum 
Project Location: 
Honolulu, Hawaiʻi 
Budget ($/sq Ft, optional): 
$21 million 
Interior Designer: 
Ralph Appelbaum and Associates 
Owner: 
Charles Reed Bishop 
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the years, many of these openings were filled in, sometimes to the detriment of the 
building’s appearance and environmental sustainability.49   
Ralph Appelbaum has worked on numerous new and restored museums around 
the world, from the American Museum of Natural History to the new United States 
Holocaust Memorial Museum.50  Working with the museum staff and exhibit designer, 
Ralph Appelbaum and Associates, and Mason Architects, brought the complex up to state 
of the art museum standards without compromising its historic integrity. 
The three floors of Hawaiian Hall take visitors on a journey through the different 
realms of Hawai‘i.  The first floor is the realm of Kai Ākea, which represents the 
Hawaiian gods, legends, beliefs, and the world of pre-contact Hawai‘i.  The second floor, 
Wao Kanaka, represents the realm where people live and work, focusing on the 
importance of the land and nature in daily life.  The third floor, Wao Lani, is the realm 
inhabited by the gods; here, visitors learn about the ali‘i and key moments in Hawaiian 
history.51 
 
                                                
49 Mason Architects Inc. Hawaiian Hall Complex. June 1, 2009. 
http://www.masonarch.com/projects/museum/hawaiian_hall.html (accessed November 23, 2010). 
50 Leidermann, Mike. Bishop Museum's Extreme Makeover. January 7, 2007. 
http://the.honoluluadvertiser.com/article/2007/Jan/07/il/FP701070320.html (accessed November 23, 2010). 
51 The Bishop Museum. Main Exhibit Hall: Hawaiian Hall. April 1, 2010. 
http://www.bishopmuseum.org/exhibits/continuing.html (accessed November 23, 2010). 
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*Case Study: City of Los Angeles Adaptive Reuse Ordinance52 
 The state of California has one of the strictest building codes and greatest support 
for minimizing global climate change.  California’s climate plan involves a number of 
key strategies such as a “cap-and-trade program, Pavley standards, tax benefits and 
incentives, and monitoring systems.”53  The following case study analyzes California’s 
adaptive reuse of existing buildings as a means of remedying energy consumption and 
global climate change. 
 In 1999, the City of Los Angeles adopted landmark legislation to encourage the 
conversion of its downtown’s mostly historic office buildings into lofts, apartments, and 
hotels.  The legislation applies to non-residential buildings including industrial buildings. 
The Adaptive Reuse Ordinance (ARO) is applicable to the reuse of historically 
designated buildings, both local and national landmarks.  Attention is also paid to 
existing industrial uses.  The ordinance notes that an adaptive reuse site must not be 
detrimental to the safety and welfare of future residents and that a reuse project will not 
displace existing industrial uses. 
 The ARO’s mission was to revitalize downtown’s cultural resources to attract 
residents and visitors who would bring vitality to the urban core, while addressing the 
                                                
52 Citywide Adaptive Reuse Ordinance, Section 12.24 X 1. Excerpt from the Los Angeles Municipal Code. 
Adopted by Ordinance No. 172,571, effective June 3, 1999. Amended by Ordinance No. 174,315, effective 
December 20, 2001. Amended by Ordinance No. 175,588, effective December 1, 2003. 
 
53 State of California Energy Commission. California Climate Change Policy & Programs: California's 
Climate Plan. April 1, 2009. http://www.climatechange.ca.gov/policies/2010-01-
27_FACT_SHEET_SCOPING_PLAN.PDF (accessed April 23, 2010) 1. 
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city’s housing crisis.  The ARO works by significantly reducing the time required to 
obtain a building permit.  Adapting an industrial or a commercial building for residential 
use traditionally required compliance with numerous rules and regulations.  The 
ordinance cut through this ‘red tape.’  The advantage has been significant, enabling the 
city to leverage an extraordinary amount of private sector investment with a minimum of 
public subsidy.  The provisions streamline the application process and provide 
significantly more flexibility in meeting building code and zoning requirements.  Many 
non-compliant site conditions (including building height, parking, floor area, and 
setbacks) are permitted without requiring a variance.  Residential density requirements 
are also waived.  See Appendix 3 for the changes and successes of this particular project. 
 Developers, design professionals, owners, and other team members face many 
regulatory and financial barriers when undertaking the adaptive reuse of a historic 
industrial building.  Issues range from contamination to historic preservation design 
review to securing funds to designing a new use.  There are, however, countless tools and 
incentives available to aid the adaptive reuse field, and they are increasingly geared 
specifically to aiding the growing industrial conversion movement. 
 There are several types of aforementioned tax incentives, which can help preserve 
historic buildings.  Other construction-based incentives offer additional flexibility in 
meeting building code requirements, which can make potential projects significantly 
more affordable.   
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The adaptive reuse process will continue to evolve and become less regulated as 
innovations become mainstream and the reuse of buildings becomes a more integral 
component of smart growth and revitalization strategies.  It is only a matter of time 
before the aesthetic, historic, revitalizing, and sustainable advantages of adaptive reuse 
are truly valued and favored. 
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4 Metric Precedent Studies 
JOSEPH VANCE BUILDING 
 
PORTLAND CENTER STAGE ARMORY 
 
FIFTH + COLUMBIA TOWER 
 
UNIVERSITY OF SAN DIEGO CALIFORNIA EXISTING BUILDING RELOCATION 
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Metric Precedent Studies 
*Case Study: Joseph Vance Building  
1402 Third Avenue, Seattle, Washington 
 The Joseph Vance Building in 
downtown Seattle, Washington is an example 
of the renewal of an existing building.  The 
building’s original intentions paid close 
attention to energy efficiency even though it 
was first built in the early twentieth century.  
The term “sustainability” has been around for 
a long time and is just the basis of energy 
efficient design.  The new owner of the 
building wanted to bring it up to current office 
standards, provide an environmentally 
friendly environmental project, and eliminate 
the desire to demolish and rebuild.   
The owner had a vision to utilize as 
much existing material as possible and to 
minimize construction waste coming from the 
site.  Seattle is in an area with a number of 
Architecture Firm:  
Zimmer Gunsul Frasca Architects LLP 
Building Date: 
1929 
Restoration Completion Date:  
2007 
Project Size (sf /site acreage):  
138,000 SF 
Project Use: 
Office & Retail  
Project Location:  
Seattle, Washington 
General Contractor:  
Turner Construction Company 
Structural Engineer:  
Magnusson Klemencic Associates 
Mechanical Engineer:  
ARUP 
Owner:  
Jonathan Rose Companies, LLC   
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fabricators; manufacturers; and reclaimed, recycled, and renewable materials.  The 
embodied energy, especially in terms of transportation cost, is substantially lower since 
all of these resources are nearby.  Local materials and resources reduce the overall carbon 
footprint of the life of a building.  Regional location plays a role that is hard to quantify, 
and LEED needs to clearly identify these regional issues. 
The Joseph Vance Building is located in a “smart growth” location for its ability 
to provide sustainable office space near bus and light rail lines.  The building is among 
the first in a portfolio of investments by this developer that focus on buildings near mass 
transit for green renovation purposes. 
 Company founder Jonathan F.P. Rose said, “The building’s location near the bus 
tunnel fits the fund’s philosophy of making investments in ‘smart growth’ spots such as 
downtowns and ‘walkable Main Streets’ rather than in suburban settings that depend on 
parking lots.  The strategy is ‘environmentally right’ because it gives tenants options for 
commuting to work.”  Rose added, “but also we think it gives better economic returns.”54  
With these goals in mind, the candidate was a natural candidate for LEED for 
Existing Buildings (LEED-EB), a newer policy-based rating system developed by the 
USGBC, which helped drive some of the major building retrofits. “The project is 
currently on track to earn LEED-EB Gold certification, and earned an Energy Star score 
                                                
54 American Institute of Architects (AIA). What Makes it Green? January 14, 2007. 
http://wmig.aiaseattle.org/node/151 (accessed November 16, 2010). 
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of 97 (putting it in the top 4% of its peers).”55  Refer to Appendix 1, to see greater detail 
of the LEED-Existing Buildings breakdown of categories.    
The renovation of the fourteen-story historic office building in downtown Seattle 
focused on restoring the building’s original materials and passive sustainable design 
functions such as high ceilings, terrazzo floors, operable windows, and floor plan layouts 
designed to maximize natural light.  Since completion of the renovation, occupancy has 
increased from 68% pre-renovation to over 90%, the building earned LEED-EB Gold 
certification and an Energy Star Score of 96, and the project team continues to examine 
and fine-tune building performance through energy monitoring, post-occupancy surveys 
and a current re-greening effort. 
Table 4.1, a summary from the Athena EcoCalculator, breaks down the building’s 
existing assembly systems (foundation, columns and beams, intermediate floors, exterior 
walls, windows, interior walls, and roof).  The Athena EcoCalculator measures the 
environmental effects of building materials and their related processes.  This lifecycle 
assessment tool accounts for the impacts of a product, material, or process based on the 
effects of obtaining the raw materials, the processes through which those raw materials 
go to become usable products, the assembly of those products into a structure, the 
maintenance and operations required to maintain those products, the effects of disposing 
                                                
55 American Institute of Architects (AIA). What Makes it Green? January 14, 2007. 
http://wmig.aiaseattle.org/node/151 (accessed November 16, 2010). 
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of the product after its useable life, and the transportation impacts that arise between each 
of those phases.56  
Joseph	  Vance	  Building	   Total	  area	  
	  
Foundations	  &	  Footings	   	  9,285	  	  
	  
Columns	  &	  Beams	   	  111,428	  	  
	  
Intermediate	  Floors	   	  126,000	  	  
	  
Exterior	  Walls	   	  47,565	  	  
	  
Windows	   	  15,855	  	  
	  
Interior	  Walls	   	  76,500	  	  
	  
Roof	   	  9,285	  	  
	  
TOTALS	   	  -­‐	  	  	  	  
 
Fossil	  Fuel	  
Consumption	  
(MJ)	  	  
TOTAL	  
Weighted	  
Resource	  Use	  
(tons)	  
TOTAL	  
GWP	  
(tons	  
CO2eq)	  
TOTAL	  
Acidification	  
Potential	  
(moles	  of	  H+	  
eq)	  
TOTAL	  
HH	  
Respiratory	  
Effects	  
Potential	  
(kg	  PM2.5	  
eq)	  
TOTAL	  
Eutrophication	  
Potential	  
(g	  N	  eq)	  
TOTAL	  
Ozone	  
Depletion	  
Potential	  
(mg	  CFC-­‐11	  
eq)	  
TOTAL	  
Smog	  
Potential	  
(kg	  NOx	  
eq)	  
TOTAL	  
	  238,292	  	   	  278	  	   	  36	  	   	  11,947	  	   	  85	  	   	  6,499	  	   	  118	  	   	  122	  	  
	  4,874,934	  	   	  423	  	   	  197	  	   	  85,380	  	   	  392	  	   	  345,701	  	   	  2	  	   	  520	  	  
	  7,206,322	  	   	  3,447	  	   	  566	  	   	  177,247	  	   	  1,075	  	   	  310,497	  	   	  764	  	   	  1,276	  	  
	  6,129,401	  	   	  777	  	   	  711	  	   	  776,124	  	   	  9,380	  	   	  252,556	  	   	  1,297	  	   	  4,757	  	  
	  7,047,810	  	   	  580	  	   	  625	  	   	  1,025,438	  	   	  8,771	  	   	  235,396	  	   	  2,084	  	   	  5,175	  	  
	  2,581,836	  	   	  318	  	   	  117	  	   	  47,583	  	   	  738	  	   	  42,312	  	   	  26	  	   	  393	  	  
	  947,942	  	   	  414	  	   	  80	  	   	  32,640	  	   	  201	  	   	  28,142	  	   	  178	  	   	  704	  	  
	  29,026,537	  	   	  6,236	  	   	  2,331	  	   	  2,156,359	  	   	  20,643	  	   	  1,221,102	  	   	  4,470	  	   	  12,947	  	  
 
 
 
                                                
56 Athena Sustainable Materials Institute . EcoCalculator Overview . January 11, 2011. 
http://www.athenasmi.org/tools/ecoCalculator/ (accessed September 30, 2011). 
TABLE 4.1 Existing Building’s 
Embodied Energy 
Source: Athena EcoCalculator 
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Table 4.1A, represents the total existing embodied energy within the Joseph 
Vance Building.  This measurement is the baseline amount of energy within the building 
before any retrofits or renovations.  Fossil Fuel Consumption in megajoules (MJ) and 
Global Warming Potential (GWP) in tons of carbon dioxide equivalent both measure 
embodied energy.  The results are measurements that take into account resource 
extraction and processing, product manufacturing, on-site construction of assemblies, all 
related transportation, maintenance and replacement cycles over an assumed building 
service life of fifty years, and structural system demolition and transportation to a landfill 
or recycling center.57  
Joseph	  Vance	  
Building	  	   	  	  
	  Conversion	  
Factor	  TOTAL	  	   Units	  
BEES	  EE	  Value	  	  	  	  	  	  
(MJ/unit)	  	  
Embodied	  Energy	  	  
(MJ)	  	  
TOTAL	  
Steel	   	  	   	  300,000	  	   SF	   8.9	   	  2,670,000	  	  
Concrete	   	  	   	  75,000	  	   tons	   160	   	  12,000,000	  	  
Grand	  Total	  
	   	   	   	  
	  14,670,000	  	  
 
 
Figure 4.1A, represents the total 
amount of fossil fuel consumption, in megajoules, of the building’s seismic retrofit.  Steel 
and concrete were used for the building’s structural piles and reinforced frame to provide 
a more rigid structure.  Adding the existing building’s embodied energy (29,026,537 MJ) 
to its seismic retrofit (14,670,000 MJ), we can now see the current building’s total 
embodied energy (43,696,537 MJ). 
                                                
57 Athena Sustainable Materials Institute . EcoCalculator Overview . January 11, 2011. 
http://www.athenasmi.org/tools/ecoCalculator/ (accessed September 30, 2011). 
TABLE 4.1A Building Retrofit’s 
Embodied Energy  
Source: BEES 
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*Case Study: King Street Station Rehabilitation   
303 S. Jackson Street, Seattle, Washington 
 Constructed in 1906, King Street 
Station, once a gateway for millions of 
travelers coming into Seattle and the Pacific 
Northwest, played a major role in establishing 
Seattle as a major metropolitan city.  But the 
station, which is on the National Register of 
Historic Places, had fallen into disrepair with 
the decline in train travel in the latter half of 
the century.  The sustainable seismic retrofit 
and renovation of the historic structure not 
only preserves the building and the materials 
and energy required to build it, but also 
respects and restores the craftsmanship of its 
time and strengthens its role as a regional 
transportation hub and neighborhood link.   
Rehabilitation elements of the project 
include the iconic twelve-story clock tower, 
forty-five-foot-high ornamental plaster 
ceilings and halls, terrazzo and mosaic tile 
Architecture Firm: 
Zimmer Gunsul Frasca Architects LLP 
Building Date: 
1906 
Restoration Completion Date: 
2011 
Project Size (sf /site acreage): 
60,000 SF 
Project Use: 
Public Transportation Hub and Office Space 
Project Location: 
Seattle, Washington 
Budget ($/sq Ft, optional): 
$3,333 / sq. Ft. or $200 million 
Historic Preservationist: 
Artifacts Consulting Inc. 
General Contractor: 
Sellen Construction 
Structural Engineer: 
ARUP 
Owner: 
Seattle Department of Transportation 
 Historically Embedded 56 
 
floors, and operable windows.  True to the building’s original fashion, the white marble 
wainscoting, decorative sconces, and glass globe chandeliers that were removed during 
‘modernization’ of the station in the 1950s will be replicated and replaced.  The 
rehabilitation also includes significant seismic and structural updates to improve the 
building’s safety and durability, all which will comply with the city’s sustainable 
building standards and the Secretary of the Interior’s Standards and Guidelines for 
Historic Preservation. 
 A number of sustainable strategies and systems are envisioned to increase 
building performance including natural ventilation, replacement of all mechanical 
systems with a new ground-source heat pump, and energy and water efficient lights and 
fixtures.  Energy models predict the building to use 35.8 KBTU/sf/yr, performing 56.4% 
better than the American Society of Heating, Refrigerating and Air Conditioning 
Engineers (ASHRAE) 2007 standards and meeting benchmarks of the 2030 Challenge.  
The project is anticipated to achieve a LEED Gold certification at minimum.58  The reuse 
and improvements to the functions of this historic rail station helped to reduce the 
building’s energy use by 90%. 
 Bringing together the diverse interests of the City of Seattle, the Seattle 
Department of Transportation, local businesses, and nearby developers with a common 
goal, Zimmer Gunsul Frasca Architects’ (ZGF) explored opportunities to incorporate 
district-wide sustainable design strategies while also enhancing existing pedestrian and 
                                                
58 DiNola, Ralph. "Historic Preservation and Green Building: A Lasting Relationship." Environmental 
Building News, January 1, 2007: 6. 
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vehicular connections to strengthen the station’s relationship to both existing and future 
developments.  Most notably, the station’s location at the edge of a proposed 3.85-acre 
mixed-use redevelopment effort offers an opportunity to share water and energy 
resources.  A rainwater harvesting system will capture runoff to be used for toilet 
flushing in the building with the potential to expand and share excess resources with 
adjacent future developments. 
 The King Street Station Rehabilitation cost options, see Appendix 9, were 
referenced to determine the embodied energy in the building’s rehabilitation retrofit.  
This project is a unique case in which the retrofit of the building has a higher overall 
fossil fuel consumption than the existing building’s degraded state.  This is due to the 
special manpower and hours required to restore a building over 100 years old, the large 
quantity of steel and concrete required to seismically retrofit a National Historic 
Landmark, and the retrofitting technologies used to bring the building up to twenty-first 
century energy-use standards. 
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Table 4.2 breaks down the building’s existing assembly systems (foundation, 
columns and beams, intermediate floors, exterior walls, windows, interior walls, and 
roof).  
King	  Street	  Station	  (Phase	  2)	   Total	  area	  
	  
Foundations	  &	  Footings	   	  50,875	  	  
	  
Columns	  &	  Beams	   	  50,875	  	  
	  
Intermediate	  Floors	   	  50,875	  	  
	  
Exterior	  Walls	   	  29,000	  	  
	  
Windows	   	  14,500	  	  
	  
Interior	  Walls	   	  15,500	  	  
	  
Roof	   	  50,875	  	  
	  
TOTALS	   	  -­‐	  	  	  	  
 
Fossil	  Fuel	  
Consumption	  
(MJ)	  	  
TOTAL	  
Weighted	  
Resource	  Use	  
(tons)	  
TOTAL	  
GWP	  
(tons	  
CO2eq)	  
TOTAL	  
Acidification	  
Potential	  
(moles	  of	  H+	  
eq)	  
TOTAL	  
HH	  
Respiratory	  
Effects	  
Potential	  
(kg	  PM2.5	  
eq)	  
TOTAL	  
Eutrophicatio
n	  Potential	  
(g	  N	  eq)	  
TOTAL	  
Ozone	  
Depletion	  
Potential	  
(mg	  CFC-­‐11	  
eq)	  
TOTAL	  
Smog	  
Potential	  
(kg	  NOx	  eq)	  
TOTAL	  
	  1,305,665	  	   	  1,523	  	   	  199	  	   	  65,463	  	   	  467	  	   	  35,612	  	   	  649	  	   	  669	  	  
	  3,068,190	  	   	  1,551	  	   	  256	  	   	  92,157	  	   	  604	  	   	  201,827	  	   	  655	  	   	  721	  	  
	  3,618,569	  	   	  1,477	  	   	  256	  	   	  85,111	  	   	  670	  	   	  130,302	  	   	  317	  	   	  635	  	  
	  6,977,110	  	   	  1,123	  	   	  522	  	   	  352,616	  	   	  2,470	  	   	  185,972	  	   	  913	  	   	  2,139	  	  
	  1,953,409	  	   	  374	  	   	  332	  	   	  304,663	  	   	  4,789	  	   	  116,054	  	   	  446	  	   	  2,271	  	  
	  820,857	  	   	  122	  	   	  44	  	   	  17,829	  	   	  209	  	   	  11,952	  	   	  19	  	   	  139	  	  
	  4,309,112	  	   	  406	  	   	  200	  	   	  82,920	  	   	  537	  	   	  88,565	  	   	  18	  	   	  2,262	  	  
	  22,052,911	  	   	  6,577	  	   	  1,810	  	   	  1,000,759	  	   	  9,747	  	   	  770,284	  	   	  3,016	  	   	  8,837	  	  
 
 
 
Table 4.2A represents the total existing embodied energy within the King Street 
Station Rehabilitation project. 
TABLE 4.2 Existing Building’s 
Embodied Energy 
Source: Athena EcoCalculator  
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King	  Street	  Station	  phase	  2a	  
	  Conversion	  
Factor	  TOTAL	  	  
Units	  
ICE	  EE	  
Value	  	  	  	  	  	  
(MJ/kg)	  	  
BEES	  EE	  Value	  	  	  	  	  	  
(MJ/unit)	  	  
Embodied	  Energy	  	  
(MJ)	  	  
TOTAL	  
Masonry	   	  	   	  7,235	  	   SF	   	  	   79.6	   	  575,906	  	  
Gypsum	  Board	   	  	   	  18,900	  	   SF	   	  	   29.4	   	  555,660	  	  
Steel	   	  	   	  716,949	  	   kg	   20.1	   8.9	   	  14,410,680	  	  
Concrete	   	  	   	  4,556,730	  	   kg	   0.75	   160	   	  3,417,548	  	  
Wood	   	  	   	  95,590	  	   SF	   	  	   5.03	   	  480,818	  	  
Grand	  Total	  
	   	   	   	   	  
	  19,440,611	  	  
	   	   	   	   	   	   	  
King	  Street	  Station	  phase	  2b	  
	  Conversion	  
Factor	  TOTAL	  	   Units	  
ICE	  EE	  
Value	  	  	  	  	  	  
(MJ/kg)	  	  
BEES	  EE	  Value	  	  	  	  	  	  
(MJ/unit)	  	  
Embodied	  Energy	  	  
(MJ)	  	  
TOTAL	  
Masonry	   	  	   	  3,947	  	   SF	   	  	   79.6	   	  314,181	  	  
Gypsum	  Board	   	  	   	  2,800	  	   SF	   	  	   29.4	   	  82,320	  	  
Steel	   	  	   	  1,199,298	  	   kg	   20.1	   8.9	   	  24,105,894	  	  
Glass/Glazing	   	  	   	  2,125	  	   SF	   	  	   134.72	   	  286,280	  	  
Concrete	   	  	   	  4,759,435	  	   kg	   0.75	   160	   	  3,569,577	  	  
Wood	   	  	   	  6,985	  	   SF	   	  	   5.03	   	  35,135	  	  
Grand	  Total	  
	   	   	   	   	  
	  28,393,387	  	  
 
 
 
Table 4.2A represents the total amount of fossil fuel consumption, in megajoules, 
of the building’s seismic retrofit and restoration.  Steel and concrete were used for the 
building’s structural piles and reinforced frame to provide a more rigid structure.  The 
other materials – masonry, gypsum board, and wood – were used in the renovation and 
restoration.  The rehabilitation of King Street Station went through three phases of 
construction; Figure 3.2A encompasses the last two phases, which comprised the 
majority of the work.  Adding the existing building’s embodied energy (22,052,911 MJ) 
to the restoration and seismic retrofit (47,833,998 MJ) yields the current building’s total 
embodied energy (698,886,909 MJ). 
 
TABLE 4.2A Building Retrofit’s 
Embodied Energy  
Source: BEES  
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*Case Study: Fifth + Columbia Tower 
Fifth Avenue & Columbia Street, Seattle, Washington 
  The tower being planned for this 
downtown Seattle corner has a unique story, 
mainly due to the history of the block on 
which it sits.  The new Fifth + Columbia 
office tower’s forty-three-story footprint sits 
on a quarter of a block in Seattle’s downtown 
financial district.  The other three-quarters of 
the block have been home to the historic 
Rainier Club, a registered historic landmark, 
and the First United Methodist Church 
(FUMC) sanctuary building, a late eighteenth 
century Byzantine style church.  It took nearly 
twenty-five years of preservation efforts to 
save the First United Methodist Church from 
the demolition ball.   
 The Rainier Club is downtown 
Seattle’s preeminent private club and a 
Architecture Firm: 
Zimmer Gunsul Frasca Architects LLP 
Building Date: 
Not Built 
Project Size (sf /site acreage): 
950,000 SF 
Project Use: 
Office and Retail 
Project Location: 
Seattle, Washington 
Mechanical Engineer: 
Syska Hennessy Group 
Structural Engineer: 
ARUP 
Ownership: 
Fifth & Columbia Investors, LLC 
Development: 
Daniels Real Estate, LLC 
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historical landmark on the National Register of Historic Places; it was founded in 1888 in 
what was then the Washington Territory (statehood came the following year).59  The club 
became an organization on July 25, 1888, led by civic and business leaders including 
Judge Thomas Burke (1849-1925), W. A. Peters, and E. M. Carr.  The original wing of 
the club building, located on 820 Fourth Avenue in downtown Seattle, was designed by 
Kirtland Cutter (1860-1939) and completed in 1904.60 
 The First Episcopal Church Sanctuary was built in 1908 and occupies the 
northeast corner of the block bounded by Fifth Avenue and Marion Streets in downtown 
Seattle.  The orignal intention for the property was to demolish the sanctuary building 
and build a thirty-four-story highrise on the half block parcel.  In 2008, the preservation 
battle gained national attention because it pitted the public’s right to control zoning over a 
religious institution’s right to freely practice religion.  In a 5 to 4 vote, the Washington 
State Supreme Court ruled in favor of the congregation and allowed for the demolition of 
the building without city landmark protection.  After years of negotiation, an agreement 
to save the building and construct a new facility for the congreation was reached in 
2007.61 
                                                
59 The Rainier Club. Rainier Club Home Page. January 1, 2006. http://www.therainierclub.com/ (accessed 
September 14, 2011). 
60 Crowley, Walt. HistoryLink.org Essay 2959: Rainier Club (Seattle). January 27, 2001. 
http://www.historylink.org/index.cfm?DisplayPage=output.cfm&File_Id=2959 (accessed September 14, 
2011). 
61 Kreisman, Larry. Daniels Recital Hall: History of Building. January 1, 1984. 
http://recitalhall.fifthandcolumbia.com/history.html (accessed September 14, 2011). 
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The FUMC seismic retrofit cost options, see Appendix 8, were referenced to 
determine the embodied energy in the building’s seismic retrofit.  The purpose of this 
project was to quantify the existing building’s embodied energy.  Saving the FUMC was 
an important part of the Fifth + Columbia office tower project’s site design and green 
principles.  From the beginning, the developers wanted to keep and reuse the adjacent 
eighteenth century building.  The goal to keep the historic building has been achieved, 
and this metric study of embodied energy shows the environmental savings.  
Table 4.3 breaks down the building’s existing assembly systems (foundation, 
columns and beams, intermediate floors, exterior walls, windows, interior walls, and 
roof).    
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Fifth	  +	  Columbia	  (FUMC)	   	  Total	  area	  	  
	  
	  Foundations	  &	  Footings	  	   	  12,420	  	  
	  
	  Columns	  &	  Beams	  	   	  24,840	  	  
	  
	  Intermediate	  Floors	  	   	  12,420	  	  
	  
	  Exterior	  Walls	  	   	  37,380	  	  
	  
	  Windows	  	   	  1,500	  	  
	  
	  Interior	  Walls	  	   	  3,500	  	  
	  
	  Roof	  	   	  12,420	  	  
	  
	  TOTALS	  	   	  -­‐	  	  	  	  
 
 
Fossil	  Fuel	  
Consumption	  
(MJ)	  	  
TOTAL	  	  
	  Weighted	  
Resource	  Use	  
(tons)	  
TOTAL	  	  
	  GWP	  
(tons	  
CO2eq)	  
TOTAL	  	  
	  Acidification	  
Potential	  
(moles	  of	  H+	  
eq)	  
TOTAL	  	  
	  HH	  
Respiratory	  
Effects	  
Potential	  
(kg	  PM2.5	  
eq)	  
TOTAL	  	  
	  
Eutrophicatio
n	  Potential	  
(g	  N	  eq)	  
TOTAL	  	  
	  Ozone	  
Depletion	  
Potential	  
(mg	  CFC-­‐11	  
eq)	  
TOTAL	  	  
	  Smog	  
Potential	  
(kg	  NOx	  eq)	  
TOTAL	  	  
	  318,749	  	   	  372	  	   	  49	  	   	  15,981	  	   	  114	  	   	  8,694	  	   	  158	  	   	  163	  	  
	  1,498,061	  	   	  757	  	   	  125	  	   	  44,996	  	   	  295	  	   	  98,543	  	   	  320	  	   	  352	  	  
	  883,393	  	   	  361	  	   	  63	  	   	  20,778	  	   	  164	  	   	  31,810	  	   	  77	  	   	  155	  	  
	  4,209,106	  	   	  1,141	  	   	  207	  	   	  112,089	  	   	  621	  	   	  45,709	  	   	  88	  	   	  1,196	  	  
	  666,775	  	   	  55	  	   	  59	  	   	  97,014	  	   	  830	  	   	  22,270	  	   	  197	  	   	  490	  	  
	  118,123	  	   	  15	  	   	  5	  	   	  2,177	  	   	  34	  	   	  1,936	  	   	  1	  	   	  18	  	  
	  1,982,742	  	   	  1,210	  	   	  191	  	   	  65,550	  	   	  458	  	   	  60,655	  	   	  492	  	   	  1,017	  	  
	  9,676,949	  	   	  3,910	  	   	  699	  	   	  358,586	  	   	  2,515	  	   	  269,617	  	   	  1,334	  	   	  3,391	  	  
 
 
 
Table 4.3A represents the total existing embodied energy within the First United 
Methodist Church project. 
 
 
TABLE 4.3 Building Assembly Life 
Cycle Analysis  
Source: Athena EcoCalculator 
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Fifth	  +	  
Columbia	   	  	  
	  Conversion	  
Factor	  TOTAL	  	  
Units	  
ICE	  EE	  
Value	  	  	  	  	  	  
(MJ/kg)	  	  
BEES	  EE	  Value	  	  	  	  	  	  
(MJ/unit)	  	  
Embodied	  Energy	  	  
(MJ)	  	  
TOTAL	  
Carpet	  	   	  	   	  1,560	  	   SF	   	  	   75.9	   	  118,404	  	  
Gypsum	  Board	   	  	   	  2,000	  	   SF	   	  	   29.4	   	  58,800	  	  
Steel	   	  	   	  57,379	  	   kg	   20.1	   8.9	   	  1,153,327	  	  
Concrete	   	  	   	  29,393	  	   kg	   0.75	   160	   	  22,045	  	  
Wood	   	  	   	  28,460	  	   SF	   	  	   5.03	   	  143,154	  	  
Grand	  Total	  
	   	   	   	   	  
	  1,495,729	  	  
 
 
 
Table 4.3A, represents the total amount fossil fuel consumption, in megajoules, of 
the building’s seismic retrofit.  Steel and concrete were used for the building’s structural 
piles and reinforced frame to provide a more rigid structure.  The remaining materials – 
carpet, gypsum board, and wood – are being used to renovate the interior.  Adding the 
existing building’s embodied energy (9,676,949 MJ) to its seismic retrofit (1,495,729 
MJ) yields the current building’s total embodied energy (11,172,678 MJ). 
TABLE 4.3A Building Retrofit’s 
Embodied Energy  
Source: BEES 
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*Case Study: University of California San Diego Existing Building Relocation 
9500 Gilman Drive, La Jolla, California 
 The University of California San 
Diego (UCSD) will construct a 196,000 
square foot, five-story building consisting of 
office, research, and classroom space.  The 
new facility will be the called the Health 
Sciences Biomedical Research Facility 2 
(HSBRF2).  The building will provide new 
wet research laboratories, laboratory support 
space, core labs, offices, and animal facilities 
for the School of Medicine.   
Architecture Firm: 
Zimmer Gunsul Frasca Architects LLP 
Building Date: 
August 2013 
Project Size (sf /site acreage): 
196,000 SF 
Project Use: 
Office, Classroom, Laboratory and Research 
Project Location: 
La Jolla, California 
Budget ($/sq Ft, optional): 
$918 / sq. Ft. or $180 million 
General Contractor: 
McCarthy Building Companies, Inc.  
Structural Engineer: 
KPFF 
Mechanical & Plumbing Engineer: 
IBE Consulting Engineers  
Electrical Engineer: 
Integrated Engineering Consultants  
Ownership: 
University of California San Diego, 
School of Medicine 
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Before the new UCSD School of Medicine HSBRF2 can be built, the three 
existing buildings will need to be managed to achieve a Materials & Resources, 
Construction Waste Management LEED credit, and an Innovation in Design, Existing 
Building Relocation LEED credit.62  The intent of this Innovation in Design credit is to 
show that the UCSD School of Medicine HSBRF2 project is extending the lifecycle of 
existing building stock, conserving resources, and reducing construction waste by 
relocating two existing buildings from the new project site to another site on campus 
property for reuse. 
The U.S. Green Building Council (USGBC) and LEED have established a 
precedent in stating that this approach is acceptable and warrants an Innovation and 
Design credit.  As described in the Credit Interpretation Ruling located on the USGBC 
LEED website: 
“The relocation of the…structure… warrants an innovation point, as 
this reuse measure achieves a higher environmental impact than 
recycling of the materials...alone.”63 
 Public Credit Interpretation Rulings 
Credit Interpretation Request: 7/26/2007; Ruling: 8/16/2007 
  
                                                
62 McCarthy Building Companies, Inc. McCarthy Lands Construction Contract for $90 Million UCSD 
Health Sciences Biomedical Research Facility. August 5, 2009. 
http://www.mccarthy.com/news/2009/08/05/ucsd-health-sciences-biomedical-research-facility/ (accessed 
September 20, 2011). 
63 Green Building Certification Institute. Project Credit Interpretation Rulings . January 1, 2011. 
http://www.gbci.org/CIRs.aspx (accessed August 20, 2011). 
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The existing buildings currently on the project site and within the new project 
LEED boundary total 10,542 GSF: Date Building, 3,639 GSF; Evergreen Building, 4,743 
GSF; and Fir Building, 2,160 GSF.  The two relocated buildings, Fir and a portion of 
Evergreen, total 3,540 GSF.  Including the demolished building area (7,002 GSF between 
the remaining portion of Evergreen and Date), the project site includes 10,542 GSF of 
building area on 1.32 acres (LEED boundary = 57,645 GSF or 1.32 acres).64  The Figure 
4.4 Building Relocation Map shows the existing and new locations of the relocated 
buildings.  The existing location is in the heart of the main University of California San 
Diego campus, and the new location is located approximately nine miles east on the 
campus’ Elliot Field Station property.   
 
 
                                                
64 Zimmer Gunsul Frasca Architects LLP. Innovation in Design Credit Narrative. Credit Narrative, San 
Diego: LEED NCv2.2 Documentation IDc1.3, 2011. 
FIG 4.4 Building Relocation Map  
Source: UCSD 
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All of the buildings are constructed with the following materials: 
 
• Roof and ceiling 
o Metal roofing over plywood sheathing with R-19 thermal insulation 
between 6” exterior grade solid wood joists 
o Suspended 2x4 acoustical lay-in ceiling in metal grid ceiling system 
o 2x4 lay-in troffer light fixtures 
o 2x2 supply and return air grills 
o (2) 30”x30” skylights operable from interior 
• Exterior walls 
o 5/8”x4” T1-11 textured wood siding over plywood sheathing on 2x4 
exterior grade solid wood studs at 16” o.c. with R-11 insulation and 5/8” 
painted interior gypsum board extending from floor to roof structure 
o Solid wood fascia, sill and window trim, and baseboards 
o Single-hung, single-pane bronze-tinted windows in anodized aluminum 
frames with insect screens, fixed spandrel glass panels from finish ceiling 
to structure, and interior window mini-blinds 
o Aluminum entry door in aluminum frame with ¼” tempered bronze glass 
• Floor structure and finish 
o ¾” tongue and groove exterior grade plywood over moisture vermin 
proofing membrane over steel z joists and continuous perimeter steel tubes 
o Carpet throughout with 2-1/2” rubber base 
o Sheet vinyl with integral cove to 48” AFF at toilet room 
• Interior walls and finish 
o 2x4 solid wood studs at 16” o.c. with 5/8” painted gypsum board on both 
sides with painted wood trim on all windows 
o Flush, solid core wood doors with metal frames throughout 
 
TOTALS	   LN.	  FT.	   SQ.	  FT.	   CU.	  FT.	   WT.	  (lbs)	   WT.	  (tons)	  
2	  x	  6	  Dimensional	  Lumber	  	   5119.76	   	  	   	  	   10239.51	   5.119755	  
2	  x	  4	  Dimensional	  Lumber	  	   5789.97	   	  	   	  	   8446.85	   4.223425	  
2	  x	  10	  Solid	  Wood	  Joist	   3052.35	   	  	   	  	   10286.42	   5.14321	  
5/8"	  Plywood	  	   	  	   10703.62	   	  	   18946.25	   9.473125	  
3/4"	  Plywood	   	  	   5668.67	   	  	   12074.27	   6.037135	  
5/8"	  Gypsum	  Board	  /	  Drywall	   	  	   15742.47	   	  	   40920.41	   20.460205	  
Fiberglass	  Insulation	  	   	  	   	  	   139077.75	   278155.54	   139.07777	  
Steel	  	   4799.5	   	  	   	  	   44933.72	   22.46686	  
Carpet	   	  	   5061.99	   	  	   10123.98	   5.06199	  
Vinyl	  Tile	   	  	   107	   	  	   149.8	   0.0749	  
20	  Gauge	  Metal	  Decking	   	  	   5668	   	  	   14170	   7.085	  
Windows	   	  	   509.54	   	  	   4076.32	   2.03816	  
 
TABLE 4.4A Material Takeoffs and Weight 
Conversions  
Source: UCSD 
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WARM	  TOTALS	  
WT.	  
(tons)	  
Dimensional	  Lumber	  	   29.99665	  
Glass	   2.03816	  
Mixed	  Metals	   29.55186	  
Carpet	   5.06199	  
Drywall	   20.460205	  
Fiberglass	  Insulation	   139.07777	  
Vinyl	  Flooring	   0.0749	  
 
Table 4.4A shows a material takeoff summary of each of the three buildings – Fir, 
Evergreen & Ivy – at the UCSD HSBRF2 site.  The takeoffs were taken from CAD 
drawings to find specific linear, square, or cubic footage.  Weight conversions, as seen in 
Appendix 10, were calculated from these measurements.  Table 4.4B shows the material 
categories and the accompanying weight conversions.  The Athena EcoCalculator and 
Waste Reduction Model (WARM) were used to calculate embodied energy (see 
Appendices 11 and 12).   
 The Athena EcoCalculator software tool was used to determine the existing 
embodied energy of the three buildings on the UCSD HSBRF2 site.  Table 4.4C 
represents the total existing embodied energy within the three buildings on the UCSD 
HSBRF2 site.  
TABLE 4.4B WARM totals, Weight 
Conversions & Material Categories 
Source: UCSD 
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5 Gartley Hall: Hawaiʻi Application 
BACKGROUND HISTORY 
 
WHAT IS A MEGAJOULE? 
 Historically Embedded 71 
 
Gartley Hall: Hawaiʻi Application 
Gartley Hall went up in 1922, making it the third permanent building on campus.  
It became the new home of chemistry and physics classes.  Today, Gartley houses the 
Psychology Department.  The architect of the structure was J. H. Craig; he added a 
Grecian architectural style to the building.  The building was remodeled in 1964 at a cost 
of $197,968; the legislature had appropriated $142,000 in 1919 for the original 
building.65 
Gartley Hall was called the “Laboratory Building” for a few months, but was 
renamed in 1922 after the first Chairman of the Board of Regents.  Alonzo Gartley was a 
Navy officer who settled in the territory in 1900 and was the manager of Hawaiian 
Electric Company when he was appointed a regent in 1907.  After 1910, Gartley became 
a vice president of C. Brewer and Co.  On February 2, 1922, the regents had planned to 
name the building after George B. Carter, the territorial governor who had signed the act 
in 1907 that established the College of Hawaiʻi.  However, on March 17, 1922, they 
decided not to because they felt that doing so would antagonize some of the Hawaiians. 
On July 11, 1922, the Board named it after Gartley who died a year later.66 
 
                                                
65 Souza, Elsa and Norwood, Charles. "Gartley Hall (1922)." In Building a Rainbow, by Victor N. 
Kobayashi, 35. Honolulu: Hui O Students University of Hawaiʻi at Mānoa, 1983. 
66 Ibid 
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This doctoral thesis is meant to help people understand the retrofitting process and 
the importance of embodied energy.  The materials and methods of construction in 1922 
were not as sophisticated as they are today.  The main materials used in Gartley Hall 
were reinforced concrete, steel, plaster, and wood.  Table 5.1 breaks down the categories 
of materials and approximate quantities in Gartley Hall’s current condition.  Breaking the 
materials into linear, square, or cubic feet is a typical way to measure embodied energy.  
A weight conversion can then be applied to each material category.  The size and weight 
of a particular material are key to determining its embodied energy. 
TOTALS	   LN.	  FT.	   SQ.	  FT.	   CU.	  FT.	   WT.	  (lbs)	  
WT.	  
(tons)	  
Concrete	  (3,000	  PSI)	   	  	   	  	   1523.28	   5940773.51	   2970.39	  
Concrete	  Tile	   	  	   	  	   764.39	   458636.40	   229.32	  
Steel	  Bar	  Size	  #3	   95148.50	   	  	   	  	   36452.64	   18.23	  
Steel	  Bar	  Size	  #4	   6408.00	   	  	   	  	   4681.34	   2.34	  
Steel	  Bar	  Size	  #5	   18042.00	   	  	   	  	   18479.87	   9.24	  
Steel	  Bar	  Size	  #7	   5865.00	   	  	   	  	   11988.06	   5.99	  
Steel	  Bar	  Size	  #8	   168.00	   	  	   	  	   448.56	   0.22	  
Plywood	   	  	   81818.00	   	  	   178976.88	   89.49	  
Nominal	  Wood	   38744.00	   	  	   	  	   49592.32	   24.80	  
Windows	   	  	   2252.00	   	  	   13512.00	   6.76	  
 
 
 
TABLE 5.1 Categories of Materials 
and Approximate Quantities 
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*What is a Megajoule (MJ)? 
 Typically, embodied energy is measured as a quantity of non-renewable energy 
per unit of building material, component, or system.  Embodied energy may be expressed 
as a megajoule (MJ) or gigajoule (GJ) per unit of weight (kilogram or ton) or area (linear, 
square, or cubic feet).67  Gartley Hall’s existing building has 7,621,433 MJ of energy 
expended within it currently.  The megajoule measures the estimated amount of fossil 
fuel energy used in the extraction, processing, transportation, construction, and disposal 
of each material currently within the building.  To provide a rough idea of what a 
megajoule is, Table 5.2 compares one barrel of oil to various forms of its effects (e.g. 
emissions, energy, nonrenewables, and calories). 
Emissions	   	  	  
GHG	  Emissions	  (MTCO2E)	   749	  
Barrels	  of	  Oil	   1	  
	  
	  
	  
	  
                                                
67 Canadian Architect. Measures of Sustainability. January 1, 2011. 
http://www.canadianarchitect.com/asf/perspectives_sustainibility/measures_of_sustainablity/measures_of_
sustainablity_embodied.htm (accessed November 1, 2011). 
TABLE 5.2 One Barrel 
of Oil Compared to 
Emissions 
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Energy	   	  	  
Kilowatt	  Hour	  (kWh)	   1700	  
Megajoules	  (MJ)	   6120	  
Thousand	  British	  Thermal	  Units	  (kBtu)	   5800	  
Barrels	  of	  Oil	   1	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Nonrenewables	   	  	  
Therms	  of	  Natural	  Gas	   58	  
5	  gallon	  Cylinder	  of	  Propane	   1130	  
Cubic	  Meters	  of	  Natural	  Gas	   160	  
Gallons	  of	  Gasoline	   42	  
Barrels	  of	  Oil	   1	  
	  
	  
TABLE 5.4 One Barrel 
of Oil Compared to 
Nonrenewable 
Resources 
 
TABLE 5.3 One Barrel 
of Oil Compared to 
Energy Equivalents 
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Calories	   	  	  
Million	  Calories	   1462	  
Barrels	  of	  Oil	   1	  
 
 
 
 
 
 
 
 
TABLE 5.5 One Barrel 
of Oil Compared to 
Calories 
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6 Gartley Hall Retrofit Phasing 
PHASE #1: EXISTING BUILDING 
 
PHASE #2: RETROFIT “A” – LOW-LEVEL  
 
PHASE #3: RETROFIT “B” – MEDIUM-LEVEL 
 
PHASE #4: RETROFIT “C” – HIGH-LEVEL 
 
PHASE #5: RETROFIT “D” – DEMOLITION  
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Gartley Hall: Hawaiʻi Application 
The University of Hawaiʻi at Mānoa has a building on campus called Gartley Hall as seen 
in Figure 6.1.   
 
 
 
 
 
FIG 6.1 University of Hawaiʻi at 
Mānoa Gartley Hall 
Source: Google Earth 
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FIG 6.2 University of Hawaiʻi at Mānoa 
Gartley Hall Basement Level Floor Plan 
Source: Environmental Research & Design Laboratory 
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FIG 6.3 University of Hawaiʻi at Mānoa 
Gartley Hall First Level Floor Plan 
Source: Environmental Research & Design Laboratory 
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FIG 6.4 University of Hawaiʻi at Mānoa 
Gartley Hall Second Level Floor Plan 
Source: Environmental Research & Design Laboratory 
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FIG 6.5 University of Hawaiʻi at Mānoa 
Gartley Hall East Elevation Rendering 
Source: Environmental Research & Design Laboratory 
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Gartley	  Hall	   Total	  area	  
	  
Foundations	  &	  Footings	   	  7,880	  	  
	  
Columns	  &	  Beams	   	  23,640	  	  
	  
Intermediate	  Floors	   	  15,760	  	  
	  
Exterior	  Walls	   	  17,404	  	  
	  
Windows	   	  2,252	  	  
	  
Interior	  Walls	   	  31,550	  	  
	  
Roof	   7880	  
	  
TOTALS	   	  	  -­‐	  	  	  	  
 
Fossil	  Fuel	  
Consumption	  
(MJ)	  	  
TOTAL	  
Weighted	  
Resource	  Use	  
(tons)	  
TOTAL	  
GWP	  
(tons	  
CO2eq)	  
TOTAL	  
Acidification	  
Potential	  
(moles	  of	  H+	  
eq)	  
TOTAL	  
HH	  
Respiratory	  
Effects	  
Potential	  
(kg	  PM2.5	  
eq)	  
TOTAL	  
Eutrophicatio
n	  Potential	  
(g	  N	  eq)	  
TOTAL	  
Ozone	  
Depletion	  
Potential	  
(mg	  CFC-­‐11	  
eq)	  
TOTAL	  
Smog	  
Potential	  
(kg	  NOx	  eq)	  
TOTAL	  
	  202,234	  	   	  236	  	   	  31	  	   	  10,140	  	   	  72	  	   	  5,516	  	   	  100	  	   	  104	  	  
	  1,425,690	  	   	  721	  	   	  119	  	   	  42,822	  	   	  281	  	   	  93,783	  	   	  304	  	   	  335	  	  
	  1,534,156	  	   	  1,442	  	   	  194	  	   	  65,728	  	   	  459	  	   	  62,890	  	   	  602	  	   	  638	  	  
	  1,364,961	  	   	  828	  	   	  133	  	   	  48,583	  	   	  353	  	   	  34,627	  	   	  336	  	   	  725	  	  
	  402,705	  	   	  84	  	   	  45	  	   	  39,112	  	   	  561	  	   	  15,965	  	   	  68	  	   	  280	  	  
	  926,027	  	   	  154	  	   	  38	  	   	  17,830	  	   	  299	  	   	  7,390	  	   	  11	  	   	  155	  	  
1,765,659	   	  767	  	   	  127	  	   	  45,669	  	   308	  	   37,198	   	  313	  	   	  2,795	  	  
7,621,433	  	   4,232	   	  686	  	   269,884	   2,333	   257,369	   	  1,735	  	   2,769	  
 
 
 
 
 Table 6.1 is the embodied energy in Gartley Hall today.  The particular number 
we are looking at the ‘Fossil Fuel Consumption (MJ) total,’ 7,621,433 MJ.  By keeping 
the entire building on site will help to minimize additional fossil fuel consumption (MJ), 
labor, and materials to be brought to the site.   
 
TABLE 6.1 Gartley Hall – Existing 
Building’s Embodied Energy 
Source: Athena EcoCalculator 
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TOTALS	   LN.	  FT.	   SQ.	  FT.	   CU.	  FT.	   WT.	  (lbs)	  
WT.	  
(tons)	  
Concrete	  (3,000	  PSI)	   	  	   	  	   1523.28	   5940773.51	   2970.39	  
Concrete	  Tile	   	  	   	  	   764.39	   458636.40	   229.32	  
Steel	  Bar	  Size	  #3	   95148.50	   	  	   	  	   36452.64	   18.23	  
Steel	  Bar	  Size	  #4	   6408.00	   	  	   	  	   4681.34	   2.34	  
Steel	  Bar	  Size	  #5	   18042.00	   	  	   	  	   18479.87	   9.24	  
Steel	  Bar	  Size	  #7	   5865.00	   	  	   	  	   11988.06	   5.99	  
Steel	  Bar	  Size	  #8	   168.00	   	  	   	  	   448.56	   0.22	  
Plywood	   	  	   81818.00	   	  	   178976.88	   89.49	  
Nominal	  Wood	   38744.00	   	  	   	  	   49592.32	   24.80	  
Windows	   	  	   2252.00	   	  	   13512.00	   6.76	  
 
 
 
Keeping the energy expending within an existing building is seen as the right 
thing to do.  Others moral intuition may not see the same as a person who values the 
environment or someone from a different cultural background.  The importance of 
keeping embodied energy on site may sometimes be outweighed by political costs, 
environmental logistics, and/or monetary value.   
TABLE 6.2 Gartley Hall – Existing 
Material Weight Conversions  
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Phase #2: Retrofit “A” – Low-Level 
 A low-level building retrofit consists of replacing the existing windows with 
efficient windows.  Changing the existing windows makes the U-vales lower, but at the 
same time, lowers solar radiation transferred through the glass panes.  The windows in 
the building are taken offsite to be reused.  The scope of a low-level retrofit means 
bringing in fans, shading devices, and keeping the building in line with the Secretary of 
the Interior’s Standards for Rehabilitation. 
 Gartley Hall has the potential to become nominated on the National Register and 
doing a low-level retrofit will minimize its impact of destroying any historically 
significant portions of the building.  Although the application of a low-level retrofit may 
sound good in theory, bringing the building’s energy efficiency up to current standards 
may be difficult.   
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FIG 6.5 University of Hawaiʻi at Mānoa 
Gartley Hall Basement Level Floor Plan, 
Retrofit “A” – Low-Level 
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FIG 6.6 University of Hawaiʻi at Mānoa 
Gartley Hall First Level Floor Plan, 
Retrofit “A” – Low-Level 
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FIG 6.7 University of Hawaiʻi at Mānoa 
Gartley Hall Second Level Floor Plan, 
Retrofit “A” – Low-Level 
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Gartley	  Hall	  -­‐	  Retrofit	  "A":	  Low-­‐Level	   Total	  area	  
	  
Foundations	  &	  Footings	   	  7,880	  	  
	  
Columns	  &	  Beams	   	  23,640	  	  
	  
Intermediate	  Floors	   	  15,760	  	  
	  
Exterior	  Walls	   	  17,404	  	  
	  
Windows	   	  -­‐	  	  	  	  
	  
Interior	  Walls	   	  31,550	  	  
	  
Roof	   	  7,880	  	  
	  
TOTALS	   	  	  -­‐	  	  	  	  
 
Fossil	  Fuel	  
Consumption	  
(MJ)	  	  
TOTAL	  
Weighted	  
Resource	  Use	  
(tons)	  
TOTAL	  
GWP	  
(tons	  
CO2eq)	  
TOTAL	  
Acidification	  
Potential	  
(moles	  of	  H+	  
eq)	  
TOTAL	  
HH	  
Respiratory	  
Effects	  
Potential	  
(kg	  PM2.5	  
eq)	  
TOTAL	  
Eutrophicatio
n	  Potential	  
(g	  N	  eq)	  
TOTAL	  
Ozone	  
Depletion	  
Potential	  
(mg	  CFC-­‐11	  
eq)	  
TOTAL	  
Smog	  
Potential	  
(kg	  NOx	  eq)	  
TOTAL	  
	  202,234	  	   	  236	  	   	  31	  	   	  10,140	  	   	  72	  	   	  5,516	  	   	  100	  	   	  104	  	  
	  1,425,690	  	   	  721	  	   	  119	  	   	  42,822	  	   	  281	  	   	  93,783	  	   	  304	  	   	  335	  	  
	  1,534,156	  	   	  1,442	  	   	  194	  	   	  65,728	  	   	  459	  	   	  62,890	  	   	  602	  	   	  638	  	  
	  1,364,961	  	   	  828	  	   	  133	  	   	  48,583	  	   	  353	  	   	  34,627	  	   	  336	  	   	  725	  	  
	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	  
	  926,027	  	   	  154	  	   	  38	  	   	  17,830	  	   	  299	  	   	  7,390	  	   	  11	  	   	  155	  	  
	  1,765,659	  	   	  767	  	   	  127	  	   	  45,669	  	   	  308	  	   	  37,198	  	   	  313	  	   	  532	  	  
	  7,218,727	  	   	  4,148	  	   	  642	  	   	  230,772	  	   	  1,772	  	   	  241,404	  	   	  1,666	  	   	  2,489	  	  
	   	   	   	   	   	   	   	   
 
 
 
 
Table 6.2 shows the embodied energy left in a low-level, “low-tech” retrofit.  It 
keeps all materials except the windows onsite, and the embodied energy left onsite is 
7,218,727 MJ.  
TABLE 6.3 Gartley Hall – Low-Level: 
Retrofit “A” Building’s Embodied 
Energy 
Source: Athena EcoCalculator 
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Phase #3: Retrofit “B” – Medium-Level   
 Gartley Hall’s present-day closure is due structural issues, settling in the 
building’s foundation as well as poor construction.  The medium level retrofit helps to 
mend the structural issues and rebuild the interior.  A medium-level retrofit consists of 
renovating the interior.  The foundation and footings, windows, and interior walls are 
taken offsite.  New materials being brought to the site replace the interior walls and 
partitions.  The foundation is shored and the exterior load-bearing walls are reinforced 
with micro piles around the perimeter of the foundation. The steel and concrete taken 
offsite is recycled and the windows reused.   
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FIG 6.8 University of Hawaiʻi at Mānoa 
Gartley Hall Basement Level Floor Plan, 
Retrofit “B” – Medium-Level 
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FIG 6.9 University of Hawaiʻi at Mānoa 
Gartley Hall First Level Floor Plan, 
Retrofit “B” – Medium-Level 
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FIG 6.10 University of Hawaiʻi at Mānoa 
Gartley Hall Second Level Floor Plan, 
Retrofit “B” – Medium-Level 
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Gartley	  Hall	  -­‐	  Retrofit	  "B":	  Medium-­‐Level	   Total	  area	  
	  
Foundations	  &	  Footings	   	  -­‐	  	  	  	  
	  
Columns	  &	  Beams	   	  23,640	  	  
	  
Intermediate	  Floors	   	  15,760	  	  
	  
Exterior	  Walls	   	  17,404	  	  
	  
Windows	   	  -­‐	  	  	  	  
	  
Interior	  Walls	   	  -­‐	  	  	  	  
	  
Roof	   	  7,880	  	  
	  
TOTALS	   	  	  -­‐	  	  	  	  
 
Fossil	  Fuel	  
Consumption	  
(MJ)	  	  
TOTAL	  
Weighted	  
Resource	  
Use	  
(tons)	  
TOTAL	  
GWP	  
(tons	  CO2eq)	  
TOTAL	  
Acidification	  
Potential	  
(moles	  of	  H+	  
eq)	  
TOTAL	  
HH	  
Respiratory	  
Effects	  
Potential	  
(kg	  PM2.5	  
eq)	  
TOTAL	  
Eutrophicat
ion	  
Potential	  
(g	  N	  eq)	  
TOTAL	  
Ozone	  
Depletion	  
Potential	  
(mg	  CFC-­‐11	  
eq)	  
TOTAL	  
Smog	  
Potential	  
(kg	  NOx	  eq)	  
TOTAL	  
	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	  
	  1,425,690	  	   	  721	  	   	  119	  	   	  42,822	  	   	  281	  	   	  93,783	  	   	  304	  	   	  335	  	  
	  1,534,156	  	   	  1,442	  	   	  194	  	   	  65,728	  	   	  459	  	   	  62,890	  	   	  602	  	   	  638	  	  
	  1,364,961	  	   	  828	  	   	  133	  	   	  48,583	  	   	  353	  	   	  34,627	  	   	  336	  	   	  725	  	  
	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	  
	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	  
	  1,765,659	  	   	  767	  	   	  127	  	   	  45,669	  	   	  308	  	   	  37,198	  	   	  313	  	   	  532	  	  
	  6,090,466	  	   	  3,758	  	   	  573	  	   	  202,802	  	   	  1,401	  	  
	  
228,498	  	   	  1,555	  	   	  2,230	  	  
 
 
 
 
 
Table 6.4 shows the embodied energy in a medium-level interior retrofit.  It keeps 
a majority of the exterior assemblies onsite and removes most of the interior materials.  
The embodied energy left onsite is 6,090,466 MJ.  
 
TABLE 6.4 Gartley Hall – Medium-Level: 
Retrofit “B” Building’s Embodied Energy 
Source: Athena EcoCalculator 
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Phase #4: Retrofit “C” – High-Level  
 A high-level retrofit consists of gutting the building and leaving the envelope of 
the building intact.  This type of retrofit is often called “façadism.”  This is the closest 
retrofit to demolishing the building because the façade is remains intact for the purposes 
of building a new structure and interior.  The exterior walls and foundation and footings 
are kept onsite.  Everything else is taken offsite to either a landfill or recycle center, or 
reused.  The steel and concrete is recycled and the windows reused.   
New materials brought to the site need to replace the columns, beams, 
intermediate floor slabs, interior walls, windows, and roof.  Even though this level of 
retrofit brings a majority of the building’s systems to the site, there is still the façade left 
on site.   
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FIG 6.11 University of Hawaiʻi at Mānoa 
Gartley Hall Basement Level Floor Plan, 
Retrofit “C” – High-Level 
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FIG 6.12 University of Hawaiʻi at Mānoa 
Gartley Hall First Level Floor Plan, 
Retrofit “C” – High-Level 
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FIG 6.13 University of Hawaiʻi at Mānoa 
Gartley Hall Second Level Floor Plan, 
Retrofit “C” – High-Level 
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Gartley	  Hall	  -­‐	  Retrofit	  "C":	  High-­‐Level	   Total	  area	  
	  
Foundations	  &	  Footings	   	  7,880	  	  
	  
Columns	  &	  Beams	   	  -­‐	  	  	  	  
	  
Intermediate	  Floors	   	  -­‐	  	  	  	  
	  
Exterior	  Walls	   	  17,404	  	  
	  
Windows	   	  -­‐	  	  	  	  
	  
Interior	  Walls	   	  -­‐	  	  	  	  
	  
Roof	   	  -­‐	  	  	  	  
	  
TOTALS	   	  	  -­‐	  	  	  	  
 
Fossil	  Fuel	  
Consumption	  
(MJ)	  	  
TOTAL	  
Weighted	  
Resource	  Use	  
(tons)	  
TOTAL	  
GWP	  
(tons	  
CO2eq)	  
TOTAL	  
Acidification	  
Potential	  
(moles	  of	  H+	  
eq)	  
TOTAL	  
HH	  
Respiratory	  
Effects	  
Potential	  
(kg	  PM2.5	  
eq)	  
TOTAL	  
Eutrophicatio
n	  Potential	  
(g	  N	  eq)	  
TOTAL	  
Ozone	  
Depletion	  
Potential	  
(mg	  CFC-­‐11	  
eq)	  
TOTAL	  
Smog	  
Potential	  
(kg	  NOx	  eq)	  
TOTAL	  
	  202,234	  	   	  236	  	   	  31	  	   	  10,140	  	   	  72	  	   	  5,516	  	   	  100	  	   	  104	  	  
	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	  
	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	  
	  1,364,961	  	   	  828	  	   	  133	  	   	  48,583	  	   	  353	  	   	  34,627	  	   	  336	  	   	  725	  	  
	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	  
	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	  
	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	   	  -­‐	  	  	  	  
	  1,567,195	  	   	  1,064	  	   	  164	  	   	  58,723	  	   	  425	  	   	  40,143	  	   	  436	  	   	  829	  	  
 
 
 
 
 
 
Table 6.5 shows the embodied energy in a high-level retrofit.  It keeps all of the 
exterior walls (façade), foundation, and footings onsite and replaces all other materials 
and assembly systems.  The embodied energy left on site is 1,567,195 MJ. 
 
TABLE 6.5 Gartley Hall – High-Level: 
Retrofit “C” Building’s Embodied Energy 
Source: Athena EcoCalculator 
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Phase #5: Retrofit “D” – Demolition  
 
 Demolition consists of the entire teardown of an existing building.  All of the 
materials are taken offsite to either a landfill or recycle center, or reused.  All parts of the 
new building have to be brought to the site.  Demolition of a building is not the best 
solution but is often implemented. 
 The embodied energy left on site is totally lost and is 0 MJ.  What makes this 
level of retrofit alarming is the additional amount of emissions, labor, and materials being 
brought to the site.  
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7 Conclusions 
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Gartley Hall: Conclusions  
 Buildings over 50 years in age comprise more than half of the existing buildings 
in the United States.  The preexistence of these older building have an effect to the way 
new buildings are designed today.  Each older building’s original use and energy 
efficiency was meant to use less energy, but in the building’s current state the use and 
energy efficiency is considered high.  
 The metric and building precedents I researched provided the basis for analyzing 
Gartley Hall.  Building precedents help to dissect building retrofits at existing sites and 
understand the effects of transportation.  Metric precedents help to categorize materials 
and convert cubic yard, square footage, or linear footage (takeoffs) into weight.  Each 
precedent studied identified costs that affected the commissioning of a retrofit project.    
The costs related to the construction and design industry are political, private, 
external, and psychic costs.  Each cost is a factor to help answer the question of keeping 
an older building or demolishing it.  Policy can help the State’s reliance on importing 
new construction products and exporting demolition waste.  Transportation and the 
logistics of products raise the monetary value of materials.  Finding new ways to keep 
materials on the islands rather than continuing to import goods help to minimize 
transportation reliance.  Hawaiʻi’s isolation from the mainland United States and the 
logistics involved to import and export from the islands help to justify the need for policy 
and mental change.    
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 Job creation through retrofits involves a number of specialty service industries.  
Deconstructing existing buildings and supplying reuse warehouses, restoration assistance 
to repair a historic motif to its original appearance, and consultants specializing in 
sustainable preservation retrofits.   
The moral values and intuitions of each person are diverse.  Helping people 
understand the metrics and importance of embodied energy embedded within existing 
buildings may be a catalyst to change the mentality of people who may not be aware.  
The historic significance and heritage of Gartley Hall has to do with it being one of the 
oldest buildings on the campus, built in 1922.  The building has historical significance 
and could be nominated with the National Register of Historic Places.  Gartley Hall’s 
importance to the University of Hawaiʻi at Mānoa’s early stages help to solidify 
retrofitting as a solution instead of demolishing the historically significant structure.     
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Appendix 
Appendix 1 - Case Study – LEED Breakdown: Joseph Vance Building 
Sustainable Sites: “The Joseph Vance Building in Seattle brings the building up to 
current office standards, provides an environmentally friendly environment and 
eliminates the desire to demolish and rebuild. It houses 13 floors of offices over ground 
floor retail with a basement for mechanical equipment and storage. As an existing 
building that was designed, constructed and operated before sustainability was an issue, 
the renovated Vance Building has many inherent sustainable aspects. One of these is its 
location, which is close to a variety of public transit options.  
Toward Zero Energy: The original Vance Building is bathed in natural light with views 
of the mountains and Puget Sound and is naturally ventilated. The renovation sought to 
restore and improve existing low-energy systems in this L-shaped building. Double-hung 
windows were restored to provide full operability and maximize natural ventilation. 
Thermal studies that were conducted indicated that the combination of operable windows 
and ceiling fans could provide the necessary comfort for occupants of the building. 
“Light shelves” were added to windows to prevent glare and redirect light and heat to the 
interior space. Wind guards were also included in the design to allow outside air to cool 
while not disrupting papers and items left on desktops. The building’s original steam 
system was retained after research showed this heating strategy was the most carbon 
friendly. The system’s commissioning included replacing traps to prevent condensation 
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leaks at individual radiators and installing valves that allowed tenants the ability to 
regulate their temperature instead of the previous arrangement that had only one 
temperature control per building façade.69 
Local and Sustainable Materials: The remodel involved uncovering and restoring the 
building’s original ceilings and terrazzo floors in the main lobbies and hallways, updating 
the facility using sustainable materials and fixtures, and seismic improvements in a “light 
touch” strategy that strips the building to its core elements in an effort to reduce 
unnecessary waste. The 800 SF Property Management Office was designed as a model 
sustainable tenant space that elegantly includes simple ‘green’ elements including a 
conference table custom built from local, reclaimed trees; rapidly renewable plywood 
cabinets; wind screens for ventilation effectiveness; light shelves for enhanced daylight 
penetration; and a natural color palette using environmentally friendly paints and finishes. 
A waste disposal program was instituted, allowing property management the ability to 
monitor waste outputs. Composting and recycling programs were also introduced. As part 
of the building management policy, 50% of occupant waste will be recycled. 
Sustainable Water: Motion sensor faucets and low flow toilets replaced existing water 
fixtures in the common area bathrooms. The fixtures installed include a 10 second cycle 
that uses 0.09 gallons of water, or 0.5 gallons per minute. This is a 64% below the 
baseline of 0.25 gallons per cycle. A low flow shower was included in the newly built 
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bicycle shower and change facility. To meeting LEED-EB standards, the design for water 
conservation measures reduces water consumption from between 10% to 20%.70 
IEQ and Comfort: The original building provided natural ventilation. Most tenant and 
common spaces had remained naturally ventilated with operable windows, although a 
few suites had been retrofitted with mechanical systems. In some cases the original 
sashes had been nailed shut. The design team weighed installing new windows against 
restoring existing windows. Since operability was key for tenant comfort, the team chose 
to restore the existing wood windows. Weather stripping was added, as well as custom 
window treatments that use light shelves to reflect light deeper into the floor plate and 
mecco shades positioned to allow clerestory light at all hours. Old carpets, which 
required heavy cleaning in elevator lobbies and corridors, were torn out, revealing 
original terrazzo floors that are easier to clean. The low drop ceilings in elevator lobbies, 
corridors and vacant tenant suites were removed to expose the building’s original high 
ceilings and to provide maximum light. Green Operations and Maintenance Programs 
were adopted that include converting janitorial cleaning practices and products to be 
environmentally friendly.  
Collective Wisdom and Feedback: The Vance Building brings together collective 
wisdom from an older generation – narrow wings, daylighting and natural ventilation – 
and applies new sustainable techniques and materials. The project was a natural candidate 
for LEED for Existing Buildings. LEED-EB allowed the design team to renovate and 
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enhance these systems while using an established, contemporary benchmark and process. 
Part of the greening effort included the creation of a tenant improvement manual that 
outlines measures new tenants can follow to make their spaces as green as possible. This 
was developed through input from the owner and design team members. The Jonathan 
Rose Companies will use these Sustainable Building Guidelines nationally, as well as for 
future tenant improvements to the Vance Building. The manual addresses the use of low 
VOC adhesives and sealants, lighting options, recycled content fabrics and carpets and 
Energy Star copiers, fax machines and computers. 
Social Equity: One of the driving visions of this project was to upgrade an existing 
building to meet contemporary workplace standards and create a comfortable, pleasant 
and affordable place for non-profit and environmentally focused organizations. The 
renovation maintains the historical character of the original Vance Building and improves 
the neighborhood for merchants, property owners and residents of the surrounding 
community. By applying green building standards to this renovation project, the owner 
and design team are promoting a healthy workplace for the tenants that will improve 
employee retention, reduce absenteeism and increase productivity. The renovation also 
eliminated the need to demolish and rebuild, saving precious natural resources and 
improving the environment.71 
Regional/Community Design: The Jonathan Rose Companies will use the development 
of the Sustainable Building Guidelines by the design team nationally, as well as for future 
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tenant improvements to the Vance Building. The Guidelines outline ways to create a 
green TI project by using recycled materials, and other sustainable solutions. It also lists 
tenant standards, sustainable finishes and materials. The Sustainable Building Guidelines 
provides a section on ‘Creating A Green TI Project’, which promotes recycling as much 
as possible from the existing space. Before remodeling of office space, an inventory is 
taken to determine what can be reused from the existing space. Carpet is recycled through 
the Antron Reclamation Program, furniture is either sold or given to local furniture 
warehouses, and all wood, paper and metal products are recycled. The Green Operations 
and Maintenance Program engages ‘CleanScapes’ to maintain the sidewalks and 
alleyways around the building. CleanScapes also fulfills a social mission by employing 
men and women in the social service and criminal justice networks. The building is 
planning on purchasing renewable power and is pursuing an Energy Star rating.”72 
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Appendix 2 - Case Study – LEED Breakdown: Jean Vollum Natural Capital Center 
Sustainable Sites: Alternative transportation and storm water management highlighted 
this category. Abundant bike parking, a bicycle-sharing program for tenants, on-site 
locker and shower facilities, two Flexcar73 hybrid cars parked on-site, employee 
transportation stipends that promote mass transit use and walking, and two electric 
vehicle charging stations provide several alternative transportation options. The Portland 
Streetcar and TriMet bus both have stops at the Ecotrust building block within the 
Fareless Square, a 330-block area in which all rides on TriMet buses, MAX light rail 
trains and streetcars are always free. 
The storm water management goal was to divert 100 percent of the site’s storm 
water from the city’s sewage system through a series of integrated strategies leading from 
the Ecotrust building to infiltration areas incorporated into the parking lot landscape 
design. A 6,000 square foot ecoroof on the exposed second story roof provides a 
permeable surface consisting of two inches of soil and native vegetation.  The roof 
weighs approximately 14 lbs. per square foot when saturated, equal in weight to a 
conventional gravel roof, and thus required no additional structural, load-bearing 
upgrades to the historic shell.74 
The water not absorbed by the ecoroof winds its way down the gutter and 
downspout system to the ground level landscaping made up of bios-wales containing 
more native species plantings. The bio-swales act as bio-filters that flush out pollutants 
                                                
73 Buddenborg, Jennifer Lynn. Changing Mindsets: Sustainable Design in Historic Preservation . Thesis, 
Ithaca, New York: Cornell University , 2006. 
74 Ibid 
Historically Embedded 
 
114 
from surface runoff water. They consist of a swales, drainage course with sloped sides, 
filled with plantings, compost or rocks that filter the water and remove contaminants 
before releasing it to the watershed or sewer. 
Parking lot storm water is directed by a gradual landscape slope towards two 
swales on the western edge of the lot, with notches cut into the curb along the western 
side to provide more direction. Overflow outlets connected to the city system are situated 
in each of the four swales. The parking lot itself is made of pavers and permeable asphalt. 
Pavers are small, square concrete bricks that allow water to seep through the cracks 
between the blocks and move naturally through the permeable sub-layers to the 
groundwater. Ecotrust has found that this is not the best design solution for a small area 
that requires slow vehicular traffic because the permeable asphalt and pavers are easily 
moved from their spots, creating a messy and jumbled parking surface. However, these 
combined elements successfully divert at least 95 percent of the site’s storm water from 
the city system.75 
Energy and Atmosphere: Energy reduction in the Ecotrust building presented several 
challenges that new building constructions do not face, given its orientation, high 
ceilings, and historic features. However, by focusing on energy efficiency, embodied 
energy, green power, and transportation, significant energy savings were achieved. 
Regional climactic sensitivity was considered in the selection of energy systems in 
respect to energy efficiency. 
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Several heating and cooling mechanisms were analyzed in regard to their 
efficiency and impact on the historic structure with the aid of a computer modeling 
system. Natural gas-fired warm-up boilers provide the heat cycle, with the system preset 
for 78 degrees Fahrenheit for cooling and 68 degrees Fahrenheit for heating, and tenant 
comfort control through window operation. A conventional HVAC system controlled by 
a computerized energy management system that can bring 100 percent of outside air into 
the building provides the cooling system. Outside and inside air continually mix to 
maintain a comfortable temperature inside. 
Indoor energy use is tempered through the installation of T-5 High Output bulbs, 
the most efficient available at the time; occupancy sensors in hallways, closets, 
restrooms, and meeting spaces that monitor light, heating and cooling usage; a 
Greenhouse Gas Reduction Initiative where tenants voluntarily commit to purchasing 
renewable energy and offsetting greenhouse gas emissions; and a heavy reliance on 
daylighting. The strategic interior design orients all workspaces and areas of high traffic 
around the perimeter of the building to capture the natural light from the windows. Areas 
that do not garner much use, like closets, were placed in the building interior and are 
monitored by occupancy sensors. A large skylight above the atrium and 24 smaller 
skylights scattered throughout the second floor provide ample daylighting, particularly in 
the center atrium that opens onto the first floor. Lights equipped with photovoltaic 
sensors in the atrium detect lowering levels of daylight and adjust light levels 
accordingly.76  The open, unobstructed interior also allows for ample diffusion of natural 
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light from the windows and skylights. 
Saving the embodied energy of the building through its restoration also falls into 
this category. The energy savings from reduced material extraction, manufacture and 
transport are vast. This component is perhaps the most significant in energy savings 
because it touches upon so many tangential factors, like daylighting and natural 
ventilation from existing windows, yet it finds no points in this LEED category. 
More creative energy savings features are dotted throughout the building. For 
instance, the tenant Hot Lips Pizza devised a unique oven heat exchanger equipped in a 
bread oven as opposed to a typical pizza oven. The bread oven, twice the size of a 
conventional pizza oven, consumes half as much energy to bake larger volumes of pizza. 
The heat exchanger transfers waste heat from the oven through a series of pipes that lead 
warm water into the basement hot water heater. This hot water is then used in the 
restaurant for washing and cleaning.77   Tenants also share kitchen appliances. 
Materials and Resources: By following the mantra “less is more” the Ecotrust project 
earned ten of the possible 13 Materials and Resources points. A low-finish aesthetic, 
coupled with ample use of salvaged, recycled, and local materials and resources, and a 
good dose of creativity, provided the means to success. Priority was given to the use and 
purchase of materials that were: [1] salvaged from the lot, [2] made with a high 
percentage of recycled content, [3] easily recyclable, [4] regional, or [5] certified as 
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sustainable, or manufactured by a company committed to sustainable design.78   
The low-finish aesthetic involved leaving pipes, wires and mechanical equipment 
exposed, thereby allowing the historic interior of the warehouse to remain intact, and also 
decreasing additional material usage.  The wooden posts, beams and trusses were in good 
condition and required only a minimal cleaning. The shared, open office plans 
contributed to this low-finish aesthetic, cutting material use for tenant improvements by 
half or more, while distributing natural light and fresh air more effectively.79   
One of the savvy decisions made was to salvage the materials from the 
deconstruction of the adjacent onsite building to be used in the warehouse restoration.  A 
storage area was created roughly ten blocks from the site, affectionately known as the 
“boneyard,” to temporarily hold all of the materials before their reuse. Stone, wood, 
diamond plates, old gears and pipes, tongue and groove paneling, doors, hardware, posts 
and beams were all salvaged. Most of the third floor addition was built with these 
salvaged materials, including wood for its framing. Freight elevator gears form table 
bases. Wood, wire, old furniture and nails were used by fine furniture makers to build 
directories, coat racks, tables, benches, chairs, and other items. Other offsite salvaged 
materials like donated doors were used for office partitions and desks in the Office of 
Sustainable Development work space. Engraved benches on 10th Avenue were originally 
the granite curbs in between the sidewalk and street on NW Johnson. Surplus materials 
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were donated or sold.80 
The reuse of the building itself offers the most efficient means to conserving 
materials and resources. The original windows were rehabilitated, many still with their 
1895 glass panes. Salvaged lumber from the warehouse demolition was used in the 
restoration and repair of several of the window sashes. To increase energy efficiency, the 
windows were weatherized with a ribbed-zinc interlock weatherstrip used in conjunction 
with neoprene compression pieces to provide a tight seal. The original Douglas-fir plank 
floor was refinished on the first floor and an environmentally safe floor finish was 
applied.   
Recycled materials are found throughout the building as well. Due to seismic 
code restrictions, the second floor wood flooring had to be replaced with a plywood 
sublayer, overlain with interlocking rubber tiles made from post-consumer recycled 
rubber tires. The tiles did not need an adhesive to hold together, therefore eliminating any 
toxic substances. The interior paint comes from a latex paint recycling program 
developed by Metro, Portland’s regional government. The initial use and remixing of the 
paints releases many of the original VOCs. 
FSC certified wood was used if salvaged wood could not be used. The third floor 
interior is laid with FSC certified guariuba flooring, a lesser-known tropical wood chosen 
to promote forest diversity, while the third floor exterior deck is made of Ipe, an 
Amazonian hardwood from an FSC certified forest in Bolivia. Because of the strength 
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and durability of Ipe, it does not require a protective finish. The selection of these two 
non-native species raises the question of sustainability in regard to using locally and 
regionally produced products. So many factors arise when choosing products in a 
sustainable manner, and oftentimes trade-offs are made, particularly in a globalized 
economy. In other words, there is not a definitive right or wrong answer to this question, 
but is one that must be analyzed on a case-by-case basis. 
Indoor Environmental Quality: Nine of 15 points were earned in the Indoor 
Environmental Quality category.  The restored windows and added skylights proved 
effective not only in energy and materials but also in providing ample daylight, views, 
and natural ventilation. Low VOC-emitting materials were used in the flooring, 
furnishings and upholstery, paint, walls and windows, like the use of Glitsa Infinity Non-
Flat Water Based Finish on the refinished plank floors. Marbelized linoleum countertops, 
or Marmoleum, found throughout the building, are made of the following all-natural, 
non-toxic components: linseed oil, wood flour, pine rosins, and jute fiber. As mentioned 
in the Materials and Resources section, the recycled paint also had reduced VOC levels 
due to reuse.  Monitoring of carbon dioxide levels and demand-controlled ventilation 
added to the healthy environment.81 
Innovation and Design Process: The Ecotrust project surpassed many LEED standards, 
including the percentage of diverted construction waste and recycled content. As a result, 
each of these accomplishments earned the project an additional two points within this 
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category. The reuse of a historic building and the educational use of the project itself as a 
Green Building Demonstration Project garnered another two additional points. To round 
out the five out of five possible points in the Innovation and Design Process category, the 
project was also awarded a point for the use of a LEED Accredited Professional. 
The fact that LEED awarded a point for the reuse of a historic building shows the 
recognition of the USGBC in the inherent benefits of preserving not just the embodied 
energy of a building but its cultural value as well. This point award does appear to be on 
a case-by-case basis however, as the green restoration of the S.T. Dana Building on the 
University of Michigan, Ann Arbor campus appealed to LEED for such a credit and was 
denied.82 
Ecotrust makes a valiant effort to pass this message on to its tenants and visitors 
alike in its educational mission. The building is open to visitors to explore, with a Field 
Guide to lead one throughout the building’s three floors. Creating a sense of community 
was an important, overarching goal of Ecotrust in the design and presentation of the 
building. It serves not only as a functioning work and retail space but as an educational 
space as well. 
The Green Renovation: An emphasis on passive design, deconstruction and material 
reuse, and retention of historic character allowed the Ecotrust project to adequately 
follow the Standards, with the exception of the third floor penthouse and west side steel 
tower additions that confront Standard Nine. Seismic code upgrades required the 
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construction of the two towers that were structurally tied to the building. These provided 
seismic stability and stair access between the three floors, but their design was found by 
the NPS to adversely impact the building’s historic integrity. 
 Other rehabilitation/renovation measures that had to take the Standards into 
account were the exterior and interior paint stripping; parapet removal and rebuilding; 
addition of interior structural steel frame, skylights, mechanical and electrical systems, 
and passenger elevator; use of recycled and salvaged materials; and rehabilitation of 
wood flooring and windows. The old grey paint on the exterior facades and bases was 
stripped, returning the building to its original 1895 appearance. Power washing easily 
removed the paint from the roof trusses and interior brick walls; the paint chip waste fit 
into three garbage bags. Sections of the parapet walls had advanced mortar deterioration 
and required their removal and rebuilding.   
One of the more unique elements of retaining the historic character of the site is 
seen in the retention of a one-story piece of the deconstructed building, reinforced with 
metal, leaving a profile of the roof and visual record of what once stood there. It frames 
the west side of the lot, hugging the parking lot, creating what can be considered an art 
form. The preservation of this piece addresses Standard Two in the retention and 
preservation of the historic character inherent in this given space and environment.83 
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Appendix 3 – Materials Guide to the Jean Vollum Natural Capital Center 
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Appendix 4 - Case Study: Portland Center Stage Armory 
One primary challenge was to install modern mechanical, electrical, plumbing and 
telecommunications systems in a historical renovation project where visibility to 
architecture was paramount. Chilled water was extended from the district cooling plant 
that serves all of the Brewery Blocks. This eliminated the need for unsightly equipment 
on the visible barrel roof of the building.84 
Air handlers utilize fan wall technology, which provides multiple smaller fans, providing 
not only improved acoustical performance but also added redundancy for the owner. 
Eliminating sound traps and providing electronic filtration minimized pressure drops and 
reduced motor loads. Electronic filtration minimized pressure drops and provided high 
levels of air filtration to meet LEED® standards. 85 
The entry lobby has a radiant floor with displacement ventilation, which delivers air at 
approximately 63€F and at 20 ft. per minute. Computational Fluid Dynamics (CFD) was 
performed on the building to confirm ventilation effectiveness for the systems. 86 
To achieve the individual temperature control credit for the administrative offices, an 
underfloor access system was installed to provide not only ventilation air but also 
distribution of electrical and telecommunications systems. Raised floors typically have 
12-24 inches of space, however, only 9 inches was available to the project due to the 
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barrel dome configuration at the perimeter. To supplement cooling and provide heating 
needs, we utilized chilled beams, which are essentially a horizontal fan coil unit. They 
also integrate space lighting and provide an attractive ceiling element.87  A sophisticated 
energy management system with a full measurement and verification plan to sub-meter 
the building was installed, and allows for fine-tuning components over time. 
Plumbing systems for the building utilize low flow fixtures throughout, and dual flush 
technology water closets. A rainwater harvesting system was installed on the site to 
collect rainwater through the drain system and store it in a large concrete tank. Water is 
filtered and sterilized before being distributed to water closets, urinals and for irrigation 
use. The tank was sized to accommodate drought contentions in the summer.88 
The lighting system was designed to evoke a theatrical experience upon entering the 
space, while highlighting the architectural character of the historic building and working 
within the structure of the LEED® program. Lobby spaces were treated as extensions of 
the theatres. Many of the luminaires were specified with colored theatrical gels, creating 
interesting contrast to the exposed, raw finishes of the space. Track lighting was provided 
to enable the spaces to be used for a variety of programs, with the intent that the project 
would be viewed as a community space in addition to a theatre. To ensure energy 
efficiency and increase lamp life, the lobby spaces were designed with an architectural 
dimming system that would allow for pre-programmed scene controls and time controls 
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for the non-emergency lighting. The approach to the office lighting and functional theatre 
workspaces was to use high efficiency luminaires and efficacious lamps. As mentioned, 
lighting was integrated with the mechanical chilled beams to minimize ceiling systems. 
With the aggressive approach to daylighting through the use of skylights, many of the 
office level luminaires, in open public and workspaces, integrate daylight dimming 
through photocell input. Individual offices are provided with user controlled dimming, to 
ensure a productive working environment.89 
Integrating technology systems such as telecommunications cabling and security systems 
into the project provided some unique challenges. In addition to the routing of conduits 
and cables being difficult due to the historic structure of the building, there is a widely 
varying use for the Armory Theater. There are offices, work areas, rehearsal spaces, 
stages, event lobbies and function spaces spread across multiple floors, with all of these 
spaces requiring different types of cabling and equipment needs. With daily business 
operations on the top floor and the main public entry on the ground floor, security access 
zones and time-of-day use issues were discussed in detail, as was the video surveillance 
methodology.90 
Of particular interest is the video surveillance system that consists of IP-enabled cameras 
that attach to the Armory's data network in the same manner as a PC. A single network 
cable transports video streams to a central network-attached server and delivers the power 
for the cameras. This reduced the overall amount of raw materials, such as copper and 
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polymers for cabling, by 50%. This approach also allows for access to the video system 
by the administration staff from any computer with access to their network, such as a 
home PC or even a handheld PDA.91 
The security access control system can be used not only to limit access to secure areas, 
but to provide the building systems controls with information as to what areas of the 
building are occupied, allowing the lighting and HVAC systems to be controlled 
accordingly.92 
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Appendix 5 - Case Study: The City of Los Angeles Adaptive Reuse Ordinance 
“A great deal of the housing boom associated with downtown Los Angeles is the 
result of the progressive Adaptive Reuse Ordinance (ARO) passed in 1999 and revised in 
2002.  Roughly half of the 2,850 new residential units finished between 1999 and 2004 
are conversions encouraged by the ordinance. Encouraged by the success in downtown, 
the City expanded the Adaptive Reuse Ordinance to cover the historic suburbs of 
Hollywood, Chinatown, Lincoln Heights, and Wilshire Center business districts. New 
adaptive reuse projects in these areas are already in the works. Effective on December 1, 
2003, the ordinance was expanded citywide, providing a streamlined process for 
revitalizing neighborhoods and providing much needed housing throughout the City of 
Los Angeles.  One of the first projects under the ARO was the conversion of three 
manufacturing buildings into Santee Court. At the beginning of the twentieth century, 
Michael J. Connell developed the first garment manufacturing buildings in an area that 
became and is still known as downtown’s Fashion District. Designed by architects Arthur 
Angel and Carl Leonard, the three buildings, adapted into 165 loft-style apartments, 20 
percent of which are affordable, were constructed between 1911 and 1912. All three 
buildings are locally designated as historic monuments. MJW Investments’ conversion of 
the buildings in Santee Court, the first phase of downtown’s largest adaptive reuse 
project, includes a rooftop garden, a basketball court, and a swimming pool. The 
buildings are connected by a landscaped, pedestrian promenade (complete with outdoor 
tables and chairs) that was originally a service alley. The promenade is anchored by Rite 
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Aid, and features a Subway eatery, other retail tenants will include a market and a food 
court.”93 
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Appendix 6 – Policy Hierarchy Breakdown 
FEDERAL POLICY 
Climate change and energy legislation is taking shape in the 111th Congress.  Our 
sustainability priorities are focused in the following areas: 
 -Incentives for owners of homes and commercial buildings to conserve energy 
through energy-efficiency retrofits, with a 120 percent bonus for owners of properties 
listed in or eligible for the National Register of Historic Places. 
 -Rehabilitation tax credit amendments that increase incentives to support 
certified, substantial rehabilitation projects, including a “green supplement” for buildings 
that achieve a high level of energy performance.  
 -Older and historic building experts within the federal agency structure to act as 
liaisons between the Department of Energy, the Environmental Protection Agency, the 
Advisory Council on Historic Preservation, and the Department of the Interior to conduct 
research, develop demonstration projects, and address standards for energy conservation 
and historic preservation.   
 -Transportation reauthorization not only to protect the enhancements program 
and Section 4(f) but to redirect federal dollars away from road construction that promotes 
sprawl and toward programs that support reinvestment in older communities. 
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 -Federal funding for the Historic Preservation Fund to support the state and 
tribal public infrastructure that is the foundation of preservation work across the country, 
including Save America’s Treasures and Preserve America grants.   
STATE AND LOCAL POLICY 
 The National Trust hopes to both directly influence state and local policy and to 
be an information and best practices resource for our Statewide and Local Partners, Main 
Street communities, state historic preservation officers, and others interested in 
sustainable development policy across the country.   
 
CENTER FOR STATE AND LOCAL POLICY 
 Housed within our Public Policy Department in Washington D.C., the Center for 
State and Local Policy will provide support to the Preservation Green Lab, be an 
information clearinghouse, provide technical assistance, and disseminate information to 
our network of partners.   
 It is more important now than ever that preservationists all over the country pull 
up our chairs and take a seat at those tables where climate change, economic 
redevelopment, and job creation funding, programs, and policies are being developed.  
That means remaining in frequent contact with your congressional representative and 
senator and encouraging them to include policies favorable for older and historic 
buildings in upcoming climate change, energy, and transportation legislation.  It means 
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attending meetings in your city or county to make sure that preservation has a prominent 
place in your community’s climate action plan.”94 
PRESERVATION GREEN LAB 
 In March the National Trust launched the Preservation Green Lab (PGL) in 
Seattle.  This is our first regional office with a programmatic focus.  The PGL will work 
with selected cities and states on policies that can serve as models for other communities 
and states.  Initially we will work with the cities of Seattle, San Francisco, and Dubuque, 
Iowa.  The goal is to tackle issues such as energy efficiency and building codes, zoning 
and climate action plans, or legislation that encourage reuse and retrofitting of buildings 
and reinvestment in older communities.   
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Appendix 8 – First United Methodist Church: Seismic Retrofit Cost Option 
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Appendix 9 – King Street Station: Rehabilitation Options Cost Plan 
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Appendix 10 – Material Weight Conversion Sources  
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Appendix 11 – Environmental Protection Agency – Waste Reduction Model Tool  
!"#$%$&'()*&+ !"#$%,&'&%-./)0(%,(1*2*'*.2 -./)0( 3(&) 4*'+(56.'(7
"+/8*2/8%9&27
"+/8*2/8%0&27%)(:)(7(2'%0&27%:).;/0(;%./'%.1%7<(('%).++(;%&+/8*2/8%
*2=.'> ?)&2@+*2%"77.0*&'(7 ABBA C2()=D%&2;%E)((2<./7(%E&7%?&0'.)7%1.)%F()7.2&+%9.8:/'()7G%?*2&+%#(:.)'
-'((+%9&27
-'((+%0&27%)(:)(7(2'%'<)((H:*(0(%I(+;(;%0&27%:).;/0(;%1).8%7<(('%7'((+%
I<*0<%*7%8&;(%*2%&%J+&7'%1/)2&0(%&2;%J&7*0%.KD=(2%1/)2&0(%L1.)%M*)=*2%0&27N%
.)%(+(0')*0%&)0%1/)2&0(%L1.)%)(0D0+(;%0&27N> ?)&2@+*2%"77.0*&'(7 OPPQ R&0@=)./2;%,.0/8(2'%"G%"%S*1(%9D0+(%T2M(2'.)D%.1%F).0(77%&2;%4)&27:.)'&'*.2%C2()=D%1.)%C*=<'%,*11()(2'%$&'()*&+7
9.::()%!*)(
9.::()%I*)(%*7%/7(;%*2%M&)*./7%&::+*0&'*.27%*20+/;*2=%:.I()%')&278*77*.2%
&2;%=(2()&'*.2%+*2(7U%J/*+;*2=%I*)*2=U%'(+(0.88/2*0&'*.2U%&2;%(+(0')*0&+%
&2;%(+(0').2*0%:).;/0'7> ?)&2@+*2%"77.0*&'(7 ABBA C2()=D%&2;%E)((2<./7(%E&7%?&0'.)7%1.)%F()7.2&+%9.8:/'()7G%?*2&+%#(:.)'
E+&77 E+&77%)(:)(7(2'7%=+&77%0.2'&*2()7%L(>=>U%7.1'%;)*2@%J.''+(7%&2;%I*2(%J.''+(7N CF" ABBQ $-!%?&0'7%&2;%?*=/)(7U%I<*0<%*7%I<()(%./)%=(2()&'*.2%;&'&%0.8(%1).8>
V,FC
V,FC%L<*=<H;(27*'D%:.+D('<D+(2(N%*7%/7/&++D%+&J(+(;%:+&7'*0%0.;(%WA%.2%'<(%
J.''.8%.1%'<(%0.2'&*2()U%&2;%)(1()7%'.%&%:+&7'*0%.1'(2%/7(;%'.%8&@(%J.''+(7%
1.)%8*+@U%X/*0(U%I&'()%&2;%+&/2;)D%:).;/0'7>%T'%*7%&+7.%/7(;%'.%8&@(%:+&7'*0%
=).0()D%J&=7>
"8()*0&2%9<(8*7')D%9./20*+%
E+.77&)D 2>;> %<'':G55III>&8()*0&20<(8*7')D>0.857Y:+&7'*0757(0Y0.2'(2'>&7:Z9T,[OOQ\],T,[^^AA
S,FC
S,FC%LS.IH;(27*'D%:.+D('<D+(2(NU%/7/&++D%+&J(+(;%:+&7'*0%0.;(%W^U%*7%.1'(2%
/7(;%'.%8&2/1&0'/)(%:+&7'*0%;)D%0+(&2*2=%J&=7>%S,FC%*7%&+7.%/7(;%'.%
8&2/1&0'/)(%7.8(%1+(K*J+(%+*;7%&2;%J.''+(7>
"8()*0&2%9<(8*7')D%9./20*+%
E+.77&)D 2>;> %<'':G55III>&8()*0&20<(8*7')D>0.857Y:+&7'*0757(0Y0.2'(2'>&7:Z9T,[OOQ\],T,[^^AA
FC4
FC4%LF.+D('<D+(2(%'()(:<'<&+&'(N%*7%'D:*0&++D%+&J(+(;%:+&7'*0%0.;(%WO%.2%'<(%
J.''.8%.1%'<(%0.2'&*2()>%FC4%*7%.1'(2%/7(;%1.)%7.1'%;)*2@%&2;%;*7:.7&J+(%
I&'()%J.''+(7U%J/'%0&2%&+7.%*20+/;(%.'<()%0.2'&*2()7%.)%:&0@&=*2=>
"8()*0&2%9<(8*7')D%9./20*+%
E+.77&)D 2>;> %<'':G55III>&8()*0&20<(8*7')D>0.857Y:+&7'*0757(0Y0.2'(2'>&7:Z9T,[OOQ\],T,[^^AA
9.))/=&'(;%9.2'&*2()7
9.))/=&'(;%0&);J.&);%J.K(7%8&;(%1).8%0.2'&*2()J.&);%L+*2()%&2;%
0.))/=&'*2=%8(;*/8N%/7(;%*2%:&0@&=*2=%&::+*0&'*.27> CF" ABB_ -.+*;%!&7'(%$&2&=(8(2'%&2;%E)((2<./7(%E&7(7G%"%S*1(H9D0+(%"77(778(2'%.1%C8*77*.27%&2;%-*2@7
$&=&`*2(754<*);H0+&77%$&*+
4<*);%9+&77%$&*+%*7%2.I%0&++(;%-'&2;&);%$&*+%JD%'<(%a>->%F.7'&+%-()M*0(%&2;%
*20+/;(7%0&'&+.=7%&2;%.'<()%;*)(0'%J/+@%8&*+*2=7%7/0<%&7%8&=&`*2(7U%I<*0<%
&)(%8&;(%.1%0.&'(;U%7<*2D%:&:()>%4<*7%0&'(=.)D%)(:)(7(2'7%0.&'(;%:&:()%
:).;/0(;%1).8%8(0<&2*0&+%:/+:> CF" ABB_ -.+*;%!&7'(%$&2&=(8(2'%&2;%E)((2<./7(%E&7(7G%"%S*1(H9D0+(%"77(778(2'%.1%C8*77*.27%&2;%-*2@7
6(I7:&:()
6(I7:&:()%)(:)(7(2'7%/20.&'(;%:&:()%8&;(%1).8%bBc%8(0<&2*0&+%:/+:%
&2;%dBc%0<(8*0&+%:/+:>%?.)%'<(%0&)J.2%7(e/(7')&'*.2%:.)'*.2%.1%'<(%1&0'.)U%
*'%I&7%&77/8(;%'<&'%'<(%:&:()%I&7%&++%8(0<&2*0&+%:/+:> ?)&2@+*2%"77.0*&'(7 OPPQ R&0@=)./2;%,.0/8(2'%"G%"%S*1(%9D0+(%T2M(2'.)D%.1%F).0(77%&2;%4)&27:.)'&'*.2%C2()=D%1.)%C*=<'%,*11()(2'%$&'()*&+7
f11*0(%F&:()
f11*0(%:&:()%)(:)(7(2'7%:&:()%8&;(%1).8%/20.&'(;%J+(&0<(;%0<(8*0&+%
:/+:> ?)&2@+*2%"77.0*&'(7 OPPQ R&0@=)./2;%,.0/8(2'%"U%"''&0<8(2'%O%G%F&)'*&+%S9T%1.)%R.KJ.&);%&2;%F&:()%4.I(+7
F<.2(J..@7
F<.2(J..@7%)(:)(7(2'%'(+(:<.2(%J..@7%'<&'%&)(%8&;(%1).8%:&:()%
:).;/0(;%1).8%8(0<&2*0&+%:/+:> CF" ABB_ -.+*;%!&7'(%$&2&=(8(2'%&2;%E)((2<./7(%E&7(7G%"%S*1(H9D0+(%"77(778(2'%.1%C8*77*.27%&2;%-*2@7
4(K'J..@7
4(K'J..@7%)(:)(7(2'%J..@7%8&;(%1).8%:&:()%:).;/0(;%1).8%0<(8*0&+%
:/+:> CF" ABB_ -.+*;%!&7'(%$&2&=(8(2'%&2;%E)((2<./7(%E&7(7G%"%S*1(H9D0+(%"77(778(2'%.1%C8*77*.27%&2;%-*2@7
,*8(27*.2&+%S/8J()
S/8J()%*20+/;(7%I..;%/7(;%1.)%0.2'&*2()7U%:&0@&=*2=U%&2;%J/*+;*2=%&2;%
*20+/;(7%0)&'(7U%:&++('7U%1/)2*'/)(%&2;%;*8(27*.2&+%+/8J()%+*@(%'I.%JD%
1./)7> CF" ABBQ $-!%?&0'7%&2;%?*=/)(7U%I<*0<%*7%I<()(%./)%=(2()&'*.2%;&'&%0.8(%1).8>
$(;*/8H;(27*'D%?*J()J.&);
?*J()J.&);%*7%&%:&2(+%:).;/0'%'<&'%0.27*7'7%.1%I..;%0<*:7%:)(77(;%&2;%
J.2;(;%I*'<%&%)(7*2>%?*J()J.&);%*7%/7(;%:)*8&)*+D%'.%8&@(%1/)2*'/)(> CF" OPP\ "F%^AU%g.+/8(%TU%?*1'<%C;*'*.2%La-%CF"N
?..;%-0)&:7
?..;%0.27*7'7%.1%/2(&'(2%1..;%&2;%I&7'(;U%:)(:&)(;%1..;%1).8%)(7*;(20(7U%
0.88()0*&+%(7'&J+*7<8(2'7%7/0<%&7%=).0()D%7'.)(7%&2;%)(7'&/)&2'7U%
*27'*'/'*.2&+%7./)0(7%7/0<%&7%70<..+%0&1('()*&7U%&2;%*2;/7')*&+%7./)0(7%7/0<%
&7%1&0'.)D%+/20<)..87> CF" ABBQ $-!%?&0'7%&2;%?*=/)(7U%I<*0<%*7%I<()(%./)%=(2()&'*.2%;&'&%0.8(%1).8>
3&);%4)*88*2=7
3&);%')*88*2=7%&)(%&77/8(;%'.%J(%dBc%=)&77U%^Bc%+(&M(7U%&2;%dBc%')((%
&2;%J)/7<%')*88*2=7%1).8%)(7*;(2'*&+U%*27'*'/'*.2&+U%&2;%0.88()0*&+%
7./)0(7> CF" ABB_ -.+*;%!&7'(%$&2&=(8(2'%&2;%E)((2<./7(%E&7(7G%"%S*1(H9D0+(%"77(778(2'%.1%C8*77*.27%&2;%-*2@7
$*K(;%F&:()G%R).&;%,(1*2*'*.2
$*K(;%:&:()%*7%&77/8(;%'.%J(%A^c%2(I7:&:()U%^Qc%0.))/=&'(;%0&);J.&);U%
Qc%8&=&`*2(7U%&2;%ABc%.11*0(%:&:()> CF" ABB_ -.+*;%!&7'(%$&2&=(8(2'%&2;%E)((2<./7(%E&7(7G%"%S*1(H9D0+(%"77(778(2'%.1%C8*77*.27%&2;%-*2@7
$*K(;%F&:()G%#(7*;(2'*&+%,(1*2*'*.2
#(7*;(2'*&+%8*K(;%:&:()%*7%&77/8(;%'.%J(%Adc%2(I7:&:()U%\dc%0.))/=&'(;%
0&);J.&);U%OBc%8&=&`*2(7U%&2;%O^c%.11*0(%:&:()> CF" ABB_ -.+*;%!&7'(%$&2&=(8(2'%&2;%E)((2<./7(%E&7(7G%"%S*1(H9D0+(%"77(778(2'%.1%C8*77*.27%&2;%-*2@7
$*K(;%F&:()G%f11*0(%F&:()%,(1*2*'*.2
f11*0(%8*K(;%:&:()%*7%&77/8(;%'.%J(%AOc%2(I7:&:()U%\c%0.))/=&'(;%
0&);J.&);U%d_c%8&=&`*2(7U%&2;%dQc%.11*0(%:&:()> CF" ABB_ -.+*;%!&7'(%$&2&=(8(2'%&2;%E)((2<./7(%E&7(7G%"%S*1(H9D0+(%"77(778(2'%.1%C8*77*.27%&2;%-*2@7
9&):('
9&):('%)(:)(7(2'7%2D+.2%J).&;+..8%)(7*;(2'*&+%0&):('%0.2'&*2*2=%1&0(%
1*J()U%:)*8&)D%&2;%7(0.2;&)D%J&0@*2=U%&2;%+&'(K%/7(;%1.)%&''&0<*2=%'<(%
J&0@*2=7> CF" ABBd R&0@=)./2;%,.0/8(2'%1.)%S*1(H9D0+(%E)((2<./7(%E&7%C8*77*.2%?&0'.)7%1.)%9&):('%&2;%F()7.2&+%9.8:/'()7
F()7.2&+%9.8:/'()7
F97%&)(%8&;(%/:%.1%&%0(2')&+%:).0(77*2=%/2*'%L9FaN%&2;%&%0&'<.;(%)&D%'/J(%
L9#4N%8.2*'.)>%4<(%0.8:.2(2'7%.1%'<(%9Fa%&2;%8.2*'.)%*20+/;(%7'((+%
<./7*2=U%*2'()2&+%(+(0')*0%0.8:.2(2'7U%'<(%9#4U%:+&7'*0%0&7*2=U%&2;%0*)0/*'%
J.&);7>%T2%&;;*'*.2%'.%'<(7(%M&+/&J+(%0.8:.2(2'7U%F97%0.2'&*2%+(&;U%
J).8*2&'(;%1+&8(%)('&);&2'7%&2;%.'<()%:.'(2'*&++D%<&`&);./7%0<(8*0&+7> ?)&2@+*2%"77.0*&'(7 ABBA C2()=D%&2;%E)((2<./7(%E&7%?&0'.)7%1.)%F()7.2&+%9.8:/'()7G%?*2&+%#(:.)'
9+&D%R)*0@7
R)*0@7%&)(%:).;/0(;%JD%1*)*2=%8&'()*&+7%7/0<%&7%0+&DU%@&.+*2U%1*)(%0+&DU%
J(2'.2*'(U%.)%0.88.2%0+&D%&2;%7<&+(>%4<(%8&X.)*'D%.1%'<(%J)*0@7%:).;/0(;%
*2%'<(%a-%&)(%0+&D>%T2%!"#$U%0+&D%J)*0@%7./)0(%)(;/0'*.2%*7%0.27*;()(;%'.%
J(%'<(%)(/7(%.1%1/++%J)*0@7%)&'<()%'<&2%'<(%=)*2;*2=%&2;%)(/7*2=%.1%J).@(2%.)%
;&8&=(;%J)*0@> CF" ABBd R&0@=)./2;%,.0/8(2'%1.)%S*1(H9D0+(%E)((2<./7(%E&7%C8*77*.2%?&0'.)7%1.)%9+&D%R)*0@%#(/7(%&2;%9.20)('(%#(0D0+*2=
9.20)('(
9.20)('(%*7%&%<*=<HM.+/8(%J/*+;*2=%8&'()*&+%:).;/0(;%JD%8*K*2=%0(8(2'U%
I&'()U%&2;%0.&)7(%&2;%1*2(%&==)(=&'(7>%T2%!"#$U%0.20)('(%*7%&77/8(;%'.%
J(%)(0D0+(;%*2'.%&==)(=&'(U%7.%'<(%EVE%J(2(1*'7%&)(%&77.0*&'(;%I*'<%'<(%
&M.*;(;%(8*77*.27%&77.0*&'(;%I*'<%8*2*2=%&2;%:).0(77*2=%&==)(=&'(> CF" ABBd R&0@=)./2;%,.0/8(2'%1.)%S*1(H9D0+(%E)((2<./7(%E&7%C8*77*.2%?&0'.)7%1.)%9+&D%R)*0@%#(/7(%&2;%9.20)('(%#(0D0+*2=
?+D%"7<
?+D%&7<%*7%&%JD:).;/0'%.1%0.&+%0.8J/7'*.2%'<&'%*7%/7(;%&7%&%0(8(2'%
)(:+&0(8(2'%*2%0.20)('(> CF" ABBd R&0@=)./2;%,.0/8(2'%1.)%S*1(H9D0+(%E)((2<./7(%E&7%C8*77*.2%?&0'.)7%1.)%?+D%"7<%a7(;%&7%&%9(8(2'%#(:+&0(8(2'%*2%9.20)('(
"'(0<%E)./: ABBO "%6&'*.2&+%"::).&0<%'.%!&7'(%4D)(7
CT" ABBP ABB_%$&2/1&0'/)*2=%C2()=D%9.27/8:'*.2%-/)M(DU%4&J+(%d>AG%?/(+%9.27/8:'*.2U%ABB_%1.)%-D2'<('*0%#/JJ()
9.)'*U%">%&2;%S.8J&);*U%S> ABB^ C2;%+*1(%'D)(7G%"+'()2&'*M(%1*2&+%;*7:.7&+%:).0(77(7%0.8:&)(;%JD%S9"
"'<(2&%T27'*'/'( ABBB S*1(%9D0+(%"2&+D7*7%.1%#(7*;(2'*&+%#..1*2=%F).;/0'7
$*K(;%$('&+7 $*K(;%8('&+7%&)(%8&;(%/:%.1%dQc%&+/8*2/8%0&27%&2;%_Ac%7'((+%0&27> CF" ABB_ -.+*;%!&7'(%$&2&=(8(2'%&2;%E)((2<./7(%E&7(7G%"%S*1(H9D0+(%"77(778(2'%.1%C8*77*.27%&2;%-*2@7
$*K(;%F+&7'*07 $*K(;%:+&7'*07%&)(%8&;(%/:%.1%^\c%V,FCU%ddc%S,FCU%&2;%AAc%FC4%:+&7'*0> CF" ABB_ -.+*;%!&7'(%$&2&=(8(2'%&2;%E)((2<./7(%E&7(7G%"%S*1(H9D0+(%"77(778(2'%.1%C8*77*.27%&2;%-*2@7
$*K(;%#(0D0+&J+(7
$*K(;%#(0D0+&J+(7%&)(%8&;(%/:%.1%&::).K*8&'(+D%Oc%&+/8*2/8%0&27U%dc%
7'((+%0&27U%_c%=+&77U%Oc%V,FCU%Oc%S,FCU%Oc%FC4U%^_c%0.))/=&'(;%
0&);J.&);U%bc%8&=&`*2(75'<*);H0+&77%8&*+U%AAc%2(I7:&:()U%Qc%.11*0(%
:&:()7U%hOc%:<.2(J..@7U%Oc%'(K'J..@7U%&2;%dc%;*8(27*.2&+%+/8J()>%-((%
'<.7(%;(1*2*'*.27%1.)%;('&*+7> CF" ABB_ -.+*;%!&7'(%$&2&=(8(2'%&2;%E)((2<./7(%E&7(7G%"%S*1(H9D0+(%"77(778(2'%.1%C8*77*.27%&2;%-*2@7
$*K(;%f)=&2*07
$*K(;%.)=&2*07%&)(%8&;(%/:%.1%^Qc%1..;%70)&:7%&2;%\Ac%D&);%')*88*2=7>%
-((%'<.7(%;(1*2*'*.27%1.)%;('&*+7> CF" ABB_ -.+*;%!&7'(%$&2&=(8(2'%&2;%E)((2<./7(%E&7(7G%"%S*1(H9D0+(%"77(778(2'%.1%C8*77*.27%&2;%-*2@7
$*K(;%$-!
$*K(;%$-!%L8/2*0*:&+%7.+*;%I&7'(N%0.8:)*7(7%'<(%I&7'(%8&'()*&+7%
'D:*0&++D%;*70&);(;%JD%<./7(<.+;7%&2;%0.++(0'(;%JD%0/)J7*;(%0.++(0'*.2%
M(<*0+(7i%*'%;.(7%2.'%*20+/;(%I<*'(%=..;7%L(>=>U%)(1)*=()&'.)7U%'.&7'()7N%.)%
*2;/7')*&+%I&7'(> CF" ABB_ -.+*;%!&7'(%$&2&=(8(2'%&2;%E)((2<./7(%E&7(7G%"%S*1(H9D0+(%"77(778(2'%.1%C8*77*.27%&2;%-*2@7
9(27/7%R/)(&/ ABBO ?/(+7%&2;%C+(0')*0%C2()=D%#(:.)'>%a>->%C0.2.8*0%9(27/7
9(27/7%R/)(&/ OPPb $*2*2=H-/JX(0'%-()*(7U%F).;/0'%-/88&)DU%a>->%C0.2.8*0%9(27/7
"'<(2&%-/7'&*2&J+(%$&'()*&+7%
T27'*'/'( ABBO S*1(%9D0+(%T2M(2'.)D%1.)%#.&;%&2;%#..1*2=%"7:<&+'
6&'*.2&+%#(2(I&J+(%C2()=D%
S&J.)&'.)D%L6#CSN ABBP a>->%S*1(H9D0+(%T2M(2'.)D%,&'&J&7(
6&'/)&+%#(7./)0(7%9&2&;& ABB\ 9&2&;*&2%T2;/7')D%F).=)&8%1.)%C2()=D%9.27()M&'*.2%05.%6&'/)&+%#(7./)0(7%9&2&;&
S(M*7U%j>!> ABBQ "%S*1(H9D0+(%"2&+D7*7%.1%"+'()2&'*M(7%1.)%'<(%$&2&=(8(2'%.1%!&7'(%V.'H$*K%"7:<&+'U%9.88()0*&+%?..;%!&7'(U%&2;%9.27')/0'*.2%&2;%,(8.+*'*.2%!&7'(
"'<(2&%-/7'&*2&J+(%$&'()*&+7%
T27'*'/'( ABBB S*1(%9D0+(%"2&+D7*7%.1%#(7*;(2'*&+%#..1*2=%F).;/0'7
9.0<)&2U%k> ABB_ 9.27')/0'*.2%&2;%,(8.+*'*.2%,(J)*7%#(0D0+*2=G%$('<.;7U%$&)@('7U%&2;%F.+*0D
9.27')/0'*.2%$&'()*&+7%#(0D0+*2=%
"77.0*&'*.2%L9$#"N ABBb #(0D0+*2=%4(&)Hf11%"7:<&+'%-<*2=+(7G%R(7'%F)&0'*0(7%E/*;(
,)DI&++
,)DI&++U%&+7.%@2.I2%&7%I&++J.&);U%=D:7/8%J.&);U%.)%:+&7'()%J.&);U%*7%
8&2/1&0'/)(;%1).8%=D:7/8%:+&7'()%&2;%&%:&:()%0.M()*2=> g(2'&U%E> OPPb S*1(%9D0+(%"2&+D7*7%.1%ED:7/8%R.&);%&2;%"77.0*&'(;%?*2*7<*2=%F).;/0'7
S*::*&''U%R> ABBb R/*+;*2=%1.)%C2M*).28(2'&+%&2;%C0.2.8*0%-/7'&*2&J*+*'D%LRCC-N
C2M*).7%9.27/+'*2= ABBd E+&77%#(0D0+*2=%l%S*1(%9D0+(%9&)J.2%,*.K*;(%C8*77*.27
S*::*&''U%R> ABBb R/*+;*2=%1.)%C2M*).28(2'&+%&2;%C0.2.8*0%-/7'&*2&J*+*'D%LRCC-N
C/).:(&2%9./20*+%.1%F+&7'*0*7()7%
&2;%T2'()8(;*&'(7%LC9FTN ABBO C0.H:).1*+(%.1%<*=<%M.+/8(%0.88.;*'D%:<'<&+&'(%(7'()7%L,CVF5,T6F5,T,FN
?)&2@+*2%"77.0*&'(7 ABBb #(M*7(;%?*2&+%#(:.)'G%9)&;+(%'.%E&'(%S*1(%9D0+(%T2M(2'.)D%.1%6*2(%F+&7'*07%#(7*27%F.+D/)('<&2(%F)(0/)7.)7
(0.*2M(2'%9(2')( ABBQ (0.*2M(2'%,&'&J&7(%MA>O>%-I*77%9(2')(%1.)%S*1(%9D0+(%T2M(2'.)*(7
R()=8&2U%#>%&2;%R.I(U%->"> ABBQ C2M*).28(2'&+%*8:&0'%.1%:).;/0*2=%<&);I..;%+/8J()%/7*2=%+*1(H0D0+(%*2M(2'.)D
V/JJ&);U%->->%&2;%R.I(U%->"> ABBQ S*1(H9D0+(%T2M(2'.)D%.1%-.+*;%-')*:%V&);I..;%?+..)*2=%*2%'<(%C&7'()2%a2*'(;%-'&'(7
R()=8&2U%#> ABOB F()7.2&+%0.88/2*0&'*.2%J('I((2%#*0<&);%R()=8&2U%a-,"%?.)(7'%-()M*0(%&2;%#.J()'%#(2`%&2;%9<)*7'.:<()%CM&27U%T9?%T2'()2&'*.2&+
g*)=*2%<&);I..;%1+..)*2=%*7%:).;/0(;%1).8%+/8J()>%9.&'*2=7%&2;%7(&+&2'7%
0&2%J(%&::+*(;%'.%I..;%1+..)*2=%*2%m:)(H1*2*7<*2=n%'<&'%.00/)7%&'%'<(%
8&2/1&0'/)*2=%1&0*+*'DU%.)%.2H7*'(>
!..;%?+..)*2=
4*)(7%)(:)(7(2'%70)&:%'*)(7%'<&'%<&M(%J((2%;*7:.7(;%.1%JD%0.27/8()7%&2;%
<&M(%7(M()&+%(2;%/7(7%*2%'<(%a>->%8&)@('%*20+/;*2=%&7%&%1/(+U%*2%0*M*+%
(2=*2(()*2=U%&2;%*2%M&)*./7%=)./2;%)/JJ()%&::+*0&'*.27%7/0<%&7%)/22*2=%
')&0@7%&2;%8.+;(;%:).;/0'7>
4*)(7
"7:<&+'%0.20)('(%*7%0.8:.7(;%:)*8&)*+D%.1%&==)(=&'(U%I<*0<%0.27*7'7%.1%
<&);U%=)&;/&'(;%1)&=8(2'7%.1%7&2;U%=)&M(+U%0)/7<(;%7'.2(U%7+&=U%).0@%;/7'U%
.)%:.I;()>
"7:<&+'%9.20)('(
"7:<&+'%7<*2=+(7%&)(%'D:*0&++D%8&;(%.1%&%1(+'%8&'%7&'/)&'(;%I*'<%&7:<&+'>%
?*J()=+&77%7<*2=+(7%&)(%0.8:.7(;%.1%&7:<&+'%0(8(2'%Ld_%:()0(2'%JD%
I(*=<'NU%&%8*2()&+%7'&J*+*`()%+*@(%+*8(7'.2(%.)%;.+.8*'(%L^B%:()0(2'NU%7&2;H
7*`(;%8*2()&+%=)&2/+(7%LdQ%:()0(2'NU%*2%&;;*'*.2%'.%'<(%.)=&2*0%.)%1*J()=+&77%
1(+'%J&0@*2=%LO\%:()0(2'N>
"7:<&+'%-<*2=+(7
C2M*).28(2'&+%F).'(0'*.2%"=(20D%LCF"N%!&7'(%#(;/0'*.2%$.;(+%L!"#$N
?*J()=+&77%*27/+&'*.2%*7%:).;/0(;%1).8%&%J+(2;%.1%7&2;U%+*8(7'.2(U%7.;&%
&7<U%&2;%)(0D0+(;%=+&77%0/++('U%I<*0<%&00./2'7%1.)%&J./'%^B%:()0(2'%.1%'<(%
)&I%8&'()*&+%*2:/'7>
?*J()=+&77%T27/+&'*.2
"++%M*2D+%1+..)*2=%*7%0.8:)*7(;%.1%:.+DM*2D+%0<+.)*;(%LFg9N%)(7*2%&+.2=%I*'<%
&;;*'*M(7%7/0<%&7%:+&7'*0*`()7U%7'&J*+*`()7U%:*=8(2'7U%&2;%1*++()7>g*2D+%?+..)*2=
Historically Embedded 
 
193 
Appendix 12 – Athena EcoCalculator Embodied Energy Analysis Tool 
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Appendix 13 – Embodied Energy Values (Inventory of Carbon and Energy [ICE])  
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Appendix 14 – Embodied Energy Values (Building for Environmental and 
Economic Sustainability [BEES] 
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Appendix 15 – Embodied Energy Values (Canadian Architect) 
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Appendix 16 – U.S. Department of the Interior U.S. Geological Survey (USGS): 
Mineral Commodity Summary 2011 – The Role of Nonfuel Minerals in the U.S. 
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Appendix 17 – U.S. Department of the Interior U.S. Geological Survey (USGS): 
Mineral Commodity Summary 2011 – The Value of Nonfuel Minerals in the U.S. 
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Appendix 18 – County of Hawaiʻi – Energy   
ENERGY 
 
 
INTRODUCTION AND ANALYSIS 
 
[Nationally, for the remainder of the 20th Century, most of the energy demand 
will be met with fossil fuels and nuclear fission.  In turn, fossil fuels are fast becoming a 
scarce world commodity due to the increasing demand.] For the foreseeable future, 
Hawaii will continue to be dependent on petroleum to meet its energy demands.  
Fortunately, Hawaii is [currently most vulnerable to dislocation in the global oil market, 
but is also] endowed with a variety of natural energy [resource alternatives which] 
resources that are renewable [or inexhaustible and potentially] for low polluting sources 
of electricity.  Hawaii's [near total] dependence on imported petroleum provides the 
incentive for the promotion of energy [conservation] efficiency and the development of 
[technology] technologies to harness [local] natural [(solar, hydrologic, and geothermal)] 
energy resources[,] (solar, hydrologic, wind, and geothermal) and to convert solid 
waste into [an alternate] a fuel resource. 
 
Petroleum provides [approximately 60-65%] up to 75 per cent of the Island's 
energy needs.  [One hundred percent] All of the petroleum [products] used in the State 
must be imported [into the State] in one of several forms.  Most of the petroleum 
consumed in the State is imported as crude oil, which is then processed [in the] at two 
local refineries, Chevron and [Hawaiian Independent Refinery, Inc.] Tesoro, both located 
at Barber's Point, Oahu in the Campbell Industrial Park.  Both refineries receive crude oil 
from Indonesia, Alaska, Africa, Malaysia, and the Persian Gulf.  Petroleum products, 
primarily jet fuel, fuel oil, and [liquid petroleum gas,] propane, are also imported from 
California, the Caribbean, Singapore, and other areas to meet the demand not met by the 
refineries.  [Synthetic natural gas] Propane, which is widely used on the Island of 
Hawaii, is also manufactured from petroleum on Oahu.  Petroleum products are received 
[on the Big Island] at the Kawaihae and Hilo Harbors. 
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Under normal circumstances, an estimated 30-day aggregate supply of most 
petroleum products is stored at the oil terminals and tank farms.  A major interruption of 
petroleum supply due to a lengthy maritime strike, a disaster at the source of crude oil 
supply, the sinking of a petroleum tanker or barge, or an aviation disaster at Campbell 
Industrial Park [, etc.] could seriously affect the County of Hawaii's petroleum supply.  
The island's economy is also vulnerable to interruptions in the supply of oil from the 
Middle East. 
 
The County of Hawaii must decrease economic vulnerability and energy costs.  
To do so, the County must combine the efforts of energy [conservation] efficiency and 
the development of natural renewable energy alternatives that reduce the dependence on 
imported fossil fuels and increase energy self-sufficiency. 
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ELECTRICITY 
 
Electricity is a major form of energy utilized on the island of Hawaii.  The Hawaii 
Electric Light Company, Inc., (HELCO) which is regulated by the State, owns [6] and 
operates a number of power generation plants in the County.  Most of these plants 
operate on steam [energy] or combustion gases and burn imported fuel.  Two [of the 
Hilo] plants in Hilo generate power through hydroelectric means[.] and a South Kohala 
location produces wind energy.  A few [sugar plantations generate their own power by 
burning bagasse, wood chips, coal and fuel oil, selling their excess to the utility company 
and often buying power when their demand exceeds supply.] Independent Power 
Producers (IPPs) generate power using various fuels and resources, and sell energy 
to HELCO.  The methods of power production include geothermal, hydropower, 
wind, coal, and oil plants.  Most recently, the construction of a 60 megawatt (MW) 
co-generation power plant in the Hamakua district will provide a firm power source 
and the excess heat generated by the power plant will be used to further develop 
agriculture and product manufacturing in the district. 
 
[Electricity sold in the County increased 125% between 1960 and 1969, despite a 
population increase of 3.5%.  The average annual residential power used in 1960 was 
3,084 kilowatt hours.  By 1969 the average amount of power consumed per household 
was 4,845 kilowatt hours.   The population increased from 61,332 in 1960 to 106,403 in 
1984 and correspondingly the average annual residential consumption increased to 5,827-
kilowatt hours.] 
 
 The average annual residential power used in 1990 was 6,794-kilowatt hours 
(kWh). In 1999, the average residential usage decreased to 6,563-kilowatt hours. 
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Electric Utility for the County of Hawaii 
1999 
Customers 
Number of Customers 
& Percent of Total 
Number 
Power Sold (1,000 
kWh) & Percent of 
Total Sold 
Ratio of Power 
Sold (1000 
kWh) to 
Customer 
Residential 52,277 = (84%) 343,085 = (37%) 6.563 to 1 
General Loads 9,654 = (15%) 308,493 = (34%) 31.955 to 1 
Commercial Cooking and 
Heating 
396 = (Less than 1%) 25,964 = (3%) 65.566 to 1 
Large Power Service 65 = (Less than 1%) 234,889 = (26%) 3,613.677 to 1 
Street Lighting 86 = (less than 1%) 3,879 = (Less than 1%) 45.105 to 1 
Total 62,478 = (100%) 916,310 (100%) 14.666 to 1 
Hawaiian Electric Company, 1999 
Estimate - Planning Department 
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Residential refers to single-metered residential customers and may include 
condominiums for visitor use but excludes master-metered apartment and 
condominium buildings used by residents classified as commercial customers.  
General Loads refer to general light and/or power loads supplied through a single 
meter.  Commercial Cooking and Heating applies only to commercial heating (heat 
pump water heaters), air conditioning, and refrigeration service.  Large Power 
service is applicable to large light and/or power service supplied and metered at a 
single voltage and delivery point. 
 
 The table presented on the previous page clearly indicates that of the 62,478 
customers of electrical power, approximately 84 per cent are residential customers.  
However, of the 916,310 total kilowatt hours used, residential customers accounted 
for approximately 37 per cent.  This yields a ratio of about 6,563 kilowatt hours per 
customer as opposed to Large Power Service customers that account for less than 1 
per cent of the customer base but use 26 per cent of the total kilowatt hours.  These 
customers yield a ratio of 3,613,677 kilowatt hours per customer. 
 
Power rates on this island are among the highest in the nation.  One factor [which] 
that contributes to the [is situation] high cost of power is the present method of power 
generation.  Most of the electricity is obtained through the burning of imported oil.  The 
cost of fuel, coupled with transportation costs, cause higher rates.  [The two hydroelectric 
plants in Hilo cannot generate enough power to service the city's needs.]  Additionally, 
the size of the service area and length of transmission and distribution lines 
necessary to transfer the power to the load centers are significant factors.  A good 
example is the fast growing loads in West Hawaii.  The major generating plants are 
located in East Hawaii.  This requires generating more in East Hawaii to 
compensate for losses in lines going over to West Hawaii.  Other factors creating 
higher costs are the small market and the sparseness of population in a relatively large 
service area. 
 
[Power generating plants will be faced with increasingly stringent air and water 
pollution standards.  Heated water discharge into the ocean, for instance, may be 
affecting the environment.  The effects, however, are not fully understood at the present 
time.  More stringent pollution controls for a better environment could possibly result in 
higher costs of power.] 
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Except in a few instances, most of the power lines in the County are overhead 
[ones.] lines.  Although underground wiring has an aesthetic desirability, there are 
several problems in establishing such a standard.  Underground power lines will probably 
last longer but cost more to install, especially in rocky areas.  There is a problem of 
common sharing of trenches with other utilities.  Another problem [concerns the repair of 
breaks,] is repair and maintenance, for while broken lines will probably occur 
infrequently, they will be more difficult to locate.  There has been, however, considerable 
progress in solving the technological problems concerning underground power lines. 
 
[Consumption of power will continue to accelerate faster than population growth 
as people become more affluent.  Utility companies will probably design new plants 
which are more efficient and less polluting.]  As affluence of the population increases, 
the consumption of power tends to accelerate faster than population growth.  Studies 
of sources of energy other than the burning of fuel are being conducted.  On September 
1, 1998, HELCO submitted its second Integrated Resource Plan (IRP) to the Public 
Utilities Commission with input from a public advisory group. 
 
Electrical Energy Self-Sufficiency for the Big Island 
 
The County of Hawaii must strive to attain energy self-sufficiency in order to 
minimize [the] its dependence on imported fossil fuels.  A commitment by both the 
government and the public must continue [for] in research, planning, and development to 
attain the goal of energy self-sufficiency for the County of Hawaii. 
 
As a result of the 1974 and 1978 oil crisis, there has been concern over Hawaii's 
dependence on imported petroleum.  In 1974 and 1976, the State Legislature enacted 
several significant bills [which were] designed to promote the research and development 
of natural energy resources, and the conservation of energy in order to foster a greater 
independence from imported fossil fuels. 
 
The State Legislature adopted Act 237 (Chapter 196, H.R.S.) in 1974, which 
[among other things,] created the position of a State Energy Resources Coordinator to 
review and formulate existing and proposed energy resource programs. 
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Also in 1974, the State Legislature established the Hawaii Natural Energy 
Institute (HNEI, Act 235) to foster development of local natural energy research at the 
University of Hawaii.  The HNEI maintains cooperation and coordination between all 
levels of government and private organizations involved with energy related projects with 
potential for Federal funding, and serves as the central source of information on natural 
energy policies and programs. 
 
Act 236, adopted by the State Legislature in 1974, established the Natural Energy 
Laboratory of Hawaii (NELH) at Keahole (North Kona, Hawaii) to provide essential 
support facilities for future electrical energy research programs.  The legislature selected 
Keahole Point through the criteria for development of three of the proposed natural 
energy programs (OTEC, Biomass conversion, and direct solar energy utilization 
systems). 
 
In 1976, the State Legislature adopted Act 189 which complemented the 
development half for energy self-sufficiency by the creation of tax incentives for the 
installation and use of "solar energy devices" and "alternate energy improvements" to 
promote energy conservation.  These devices and improvements increase the level of 
efficiency, and decrease the utilization of electrical power [which] that accounts for 
42[%] per cent of the total energy demand in the County of Hawaii. 
 
In January of 1980, a final report prepared for the County of Hawaii entitled 
"Energy Self-sufficiency for the Big Island of Hawaii" was released.  The report 
recommended that the County government provide a favorable climate for energy savings 
and new energy production.  It also recommended establishing an Office of Energy 
Coordinator.  The Energy Coordinator [is to]: 
• [Coordinate] Coordinates and [provide] provides information regarding 
conservation and energy production; 
• [Organize] Organizes ride sharing and travel reduction programs; 
• [Assist] Assists business in obtaining information and financial support 
for energy-related development; 
• [Fund] Funds necessary information gathering programs; 
• [Monitor] Monitors the progress of energy departments; 
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• [Recommend] Recommends changes in the county's energy program; 
• [Analyze] Analyzes the impact of proposed developments on the energy 
balance of the Island. 
 
In addition, the development of naturally occurring energy resources will become 
an increasingly important factor in determining future industrial activity on the Island of 
Hawaii. 
 
Gas 
 
Propane gas is widely available and is a major source of energy for the Island 
of Hawaii.  The two primary methods used in delivering gas are via an underground 
pipeline or tank/cylinder refill.  The Public Utilities Commission regulates the 
underground gas delivery system in Hilo and along Alii Drive in Kailua-Kona.  Gas 
is delivered by tanks or cylinders for the remainder of the island. 
 
The use of propane gas diversifies the island's energy supply and creates less 
pollution.  Compared to electricity generation and diesel emissions, propane offers a 
cleaner, less polluting fuel.  Alternatives like propane gas offer opportunities to 
lessen the island's dependence on electricity and minimize land use conflicts created 
by the siting of large-scale electric generation, transmission and distribution 
facilities. 
 
Propane can be used for self-generation (e.g. cogeneration, micro turbines) 
for large customers, thereby delaying the need to site and construct large, 
centralized electric generation facilities. 
 
[1.] Geothermal Energy 
 
Geothermal Energy is natural heat energy from the earth that can be harnessed for 
direct thermal use and for electrical power generation.  [There are] The four basic ways 
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[in which] that this type of natural heat energy may be found[: 1)] are steam[; 2) ], hot 
water[; 3) ], magma[; 4)], and hot[,] dry rock. [The construction of electrical power 
plants using hot water, brines, or steam separated from hot water or brine deposits is the 
most probable development of geothermal energy resources.] 
 
Geothermal drilling on the Big Island started in the early 1960's.  Initial wells 
were either found to be unsuccessful or once drilled, were not further developed. 
 
In 1972, the Hawaii Geothermal Project (HGP) was organized to investigate the 
development of geothermal energy in Hawaii, [and is] as a cooperative project involving 
Federal, State, County, and private funds.  In April 1976, a successful well was 
completed near Kapoho in the Puna District, and HGP [has since] installed a power plant 
to demonstrate that geothermal energy is an economically viable natural energy 
alternative for the Big Island.  The plant [has been in operation for several years.] 
commenced operations in 1982 and ceased in 1989. 
 
In 1983 and with subsequent amendments, the Legislature amended the State 
Land Use Law, Chapter 205, Hawaii Revised Statutes, by authorizing the State's Board of 
Land and Natural Resources to conduct a county by county assessment of areas with 
geothermal potential for the purpose of designating geothermal resources subzones.  
Geothermal resource subzones may be designated within the urban, rural, agricultural and 
conservation land use districts.  Only those areas designated as geothermal resource 
subzones may be utilized for the exploration, development or production of electrical 
energy from geothermal resources.  Other amendments to the State Land Use law provide 
authority to regulate the direct use applications of geothermal resources. 
 
In addition, the 1983 Legislature set criteria for [legislatively] designating 
geothermal resource subzones.  Three geothermal resource subzones were established by 
this legislative method.  The Board of Land and Natural Resources has subsequently 
designated the Kapoho, Kamaili, Kahaualea, and Kilauea Middle East Rift Geothermal 
Resource Subzones.  The geothermal resource subzones are shown on the Land Use 
Pattern Allocation Guide (LUPAG) map. 
 
In April 1993, Puna Geothermal Venture (PGV) completed its geothermal 
power plant on the Kapoho Subzone on the East Rift Zone.  The geothermal power 
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plant uses steam and steam separated from hot water or brine resources at depths of 
around 5,000 feet below the surface.  The closed loop system injects the spent fluids 
into injection wells at depths of 7,000 feet to be recycled.  Although PGV currently 
produces 30 megawatts of power to the HELCO grid, PGV has been permitted 
under Geothermal Resource Permit No. 2 to provide up to 60 megawatts of 
geothermal power.  PGV has been supplying approximately 25 per cent of the 
electricity for the County of Hawaii.  Geothermal power generation has displaced 
nearly 110 million gallons of fuel oil that would have been used for electricity 
production.  The reduction in fuel oil use has resulted in a reduction in carbon 
dioxide and other emissions common to fossil fuel plants and contributed to a 
cleaner environment in Hawaii. 
 
[2.] Hydroelectric Power 
 
Hydroelectric power is one of the oldest generators of electrical energy.  On the 
Big Island, hydroelectric power fulfills [only a very small portion] about 5 per cent of 
the County's electrical energy demand[.] at any given time. 
 
On the Big Island, the percent of total demand supplied by hydroelectricity will 
probably [remain insignificant] not increase due to the reliance on normal stream flows 
and the lack of impoundment required to store enough water for continuous or increased 
energy output.  However, small-scale hydroelectric units have been [installed] 
constructed at Hawi, Onomea, Wailuku River in Hilo, and Waimea [and others have 
been proposed for the Wailuku and Honolii Rivers].  The Wailuku River Hydroelectric 
facility has the capacity to supply 11 megawatts of power to the electric power grid. 
 
[3.] Solar Energy 
 
Solar energy is the basis of many natural energy alternatives in Hawaii.  Solar 
energy generates the global winds; stores energy in biomass through photosynthetic 
activity; warms the oceans, [can produce] produces electrical power directly via 
photovoltaic cells; and can be used directly for heating through solar heat collection 
devices. 
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[Solar Devices/Improvements:] There are two direct forms of solar energy 
applicable to households; solar heat collection and solar light energy to electrical power 
via photovoltaic cells. 
 
Solar heat collection is adaptable to domestic water heating, which accounts for [a 
major portion] approximately 30-35 per cent of the electrical power demand [per] for 
an all-electric household. 
 
[Advances in the use of photovoltaic cells to generate electrical power is also 
applicable on a public utility scale as well as on a domestic basis.] Photovoltaic 
technology uses solar cells that convert sunlight into electricity.  Industrial, 
commercial, and residential applications of photovoltaic technology are still being 
researched.  However, advances in photovoltaic technology are resulting in 
improved efficiencies, lower costs, and integration into building products and 
designs.  In May of 1998, the Mauna Lani Bay Resort installed a 100-kilowatt 
photovoltaic system on the rooftop, covering 10,000 square feet.  The energy 
production is expected at approximately 423 kilowatts per day and the measured 
roof temperature reduction has exceeded 60 degrees.  This project is expected to 
save operation costs for the hotel by providing electricity to 20 per cent of the 350 
hotel rooms and reducing air conditioning costs.  The resultant success of the 
project led to the installation of photovoltaic systems for the resort’s golf facilities.  
The photovoltaic system will also be used to recharge Mauna Lani’s golf carts. 
 
These solar energy devices and improvements can be considered energy 
conservation technologies since their domestic use will possibly decrease the total energy 
demand in Hawaii County. 
 
[4.] Wind Energy 
 
[The University of Hawaii, Department of Meteorology, initiated a five-year 
program in 1977 for Solar Energy Meteorological Research for the purpose of continuing 
wind surveys to establish the relationship between weather conditions and wind strengths, 
Historically Embedded 
 
215 
speeds, and distribution.] The process of generating energy from wind simply uses the 
force and speed of wind to rotate the blades on windmills.  This wind [Wind] energy 
can be used [directly] to generate electricity through windmill electrical generators or by 
pumping water into storage for use in hydroelectric power systems.  [Wind energy 
technology has been advancing, but as yet is not competitive enough to be a serious 
natural energy alternative.  Once the technology is developed, Hawaii will be in an 
advantageous position due to favorable wind regimes in many areas of the island.]  Wind 
energy is a relatively clean form of energy, in that it produces no emissions or 
chemical waste.  Unfortunately, wind energy is inconsistent and electrical grids 
cannot rely solely on wind and must provide a back up supply from another source.  
Such is the case with the wind energy generation farms at Kahua Ranch, Lalamilo 
Wind Farm, and Kamaoa Wind Farm. 
 
[5.] Biomass Conversion 
 
Biomass is defined as "the total mass or amount of living organisms in a 
particular area or volume."  Solar energy is converted into plant biomass through 
photosynthesis.  [Biomass] Plant biomass can be used by [direct combustion] power 
plants to produce thermal energy, then steam to generate electrical power. 
 
[On the Big Island, biomass conversion generates about 34% of the County's 
electrical energy.  Locally, bagasse, the fibrous waste of sugar cane processing, is one 
source of biomass in use.  Other sources of biomass that have been used for alternate 
energy include forest products from planted as well as natural stands of native and exotic 
species.] 
 
Historically, biomass has been the Big Island's largest renewable energy 
resource.  As recently as 1994, almost 13 per cent of the Big Island's electricity 
production were still being provided by two sugar processing companies that 
burned a mixture of biomass, coal, and fuel oil.  With the closure of sugar 
operations, the companies have ceased burning biomass completely.  However, one 
company continues the production of electricity using coal and fuel oil.  Other uses 
of biomass are currently being reviewed by both the public and private sectors. 
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Biomass conversion is one of the proposed projects of the NELH program at 
Keahole point, and involves the cultivation and harvest of plant and animal life forms as a 
natural energy alternative. 
 
Biomass can also be considered solid waste, since it is the basis for most of 
mankind's organic refuse, and can be processed into ethyl alcohol.  Alcohol fuel is 
adaptable for use in hydrocarbon combustion systems [which] that account for about 
58[%] per cent of the total energy demand of Hawaii County.  Through combustion, 
alcohol can generate electrical power (via heat and steam) which represents the remaining 
42[%] per cent of the County's total energy demand. 
 
[6.] Ocean Thermal Energy Conversion 
 
[Ocean Thermal Energy Conversion (OTEC) is a form of solar energy where the 
ocean acts as a solar heat collector.  This process uses the thermal differences between 
the warm surface waters and the cold deep waters to power a tu`rbine/generator for 
electrical power generation.  The NELH program at Keahole point has installed an OTEC 
project plant to research the potential of this natural energy alternative.] 
 
The oceans are the earth’s largest solar energy collector and storage system, 
covering approximately 70 per cent of the earth's surface.  Ocean Thermal Energy 
Conversion or OTEC is a power production method by which energy is derived 
from the difference in temperatures between the warm surface and cold deep ocean 
waters.  In 1974, the Natural Energy Laboratory of Hawaii (NELH) was founded.  
In establishing the NELH, the Hawaii State Legislature set aside 321 acres of land 
for research and development of alternative energy resources, primarily OTEC. 
 
In 1984, The State Legislature set aside an additional 547 acres of land 
adjacent to NELH for the commercial expansion of successful NELH research 
projects.  This area was called the Hawaii Ocean Science and Technology (HOST) 
Park.  However, in 1990 the legislature combined NELH and HOST Park into the 
Natural Energy Laboratory of Hawaii Authority (NELHA).  There are now 26 
tenant companies that operate at NELHA. 
 
OTEC research began in earnest in 1982 following the construction of the 
laboratory and administration buildings and deployment of the first 30 centimeter 
diameter, 600 meter intake deep sea water pipeline.  Currently, NELHA continues 
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to conduct experiments and is working with other organizations to plan the 
construction of a 1 megawatt OTEC experimental facility and additional ocean 
pipelines for sufficient water supply. 
 
GOALS 
 
• Strive towards energy self-sufficiency [for Hawaii County]. 
 
• Establish the Big Island as a demonstration community for the 
development and use of natural energy resources. 
 
POLICIES 
 
• [The County shall encourage] Encourage the development of alternate 
energy resources.  
 
• Encourage the development and use of agricultural products and by-
products as sources of alternate fuel. 
 
• [The County shall encourage] Encourage the expansion of energy 
research industry. 
 
• [The County shall strive] Strive to educate the public on new energy 
technologies and foster attitudes and activities conducive to energy 
conservation. 
 
• [The County shall ensure] Ensure a proper balance between the 
development of alternative energy resources and the preservation of 
environmental fitness and ecologically significant areas. 
 
• [The County shall strive] Strive to assure a sufficient supply of energy to 
support present and future demands. 
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• [The County shall provide] Provide incentives [which] that will 
encourage the use of new energy sources and promote energy 
conservation. 
 
• [The County shall seek] Seek funding from both government and private 
sources for research and development of alternative energy resources. 
 
• [The County shall coordinate] Coordinate energy research and 
development efforts of both the government and private sectors. 
 
• [The County shall encourage] Encourage the continuation of studies 
concerning the development of power [which] that can be distributed at 
lower costs to consumers. 
 
• Strive to diversify the energy supply and minimize the environmental 
impacts associated with energy usage. 
 
[• The County shall encourage the study of the effects of discharging heated 
water directly into the ocean.] 
 
• [The County shall] Continue to encourage the development of geothermal 
resources to meet the energy needs of the County of Hawaii. 
 
• Encourage the use of solar water heating through the continuation of 
state tax credit programs, through the Building Code, and in County 
construction. 
 
• Encourage energy-saving design in the construction of buildings. 
 
• Support net-metering and other incentives for independent power 
producers.  
 
[STANDARD] STANDARDS 
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• New power plants shall incorporate devices [which] that minimize 
pollution. 
 
• Applicable standards and regulations of Title 11, Chapter 46, 
“Community Noise Control” of the Hawaii Administrative Rules. 
 
• Applicable standards and regulations of Title 11, Chapter 59, 
“Ambient Air Quality Standards” of the Hawaii Administrative 
Rules. 
 
• Applicable standards and regulations of Title 11, Chapter 60.1, “Air 
Pollution” of the Hawaii Administrative Rules. 
 
 
